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THE 


PHYSIOGRAPHY OF THE RIVER NILE AND ITS BASIN. 


CHAPTER I. 


Almost 50 years ago voi Klöden published his “ Das Stromsystem 
des oberen Nil"! 11 which he summed up the hydrography of the 
river, so far as it was kiowi at that date, with a greater wealth of 
detail thai bad bee) dore before. Eight years later Lombardini 
communicated to the listitute of Milan the paper afterwards published 
as * Essai sur l'Hydrographie du Nil”, 11 which he utilised the 
additional information which had accumulated siice voi Klóden's 
work, especially the discovery of the equatorial lakes by Speke and 
Grait in 1862. [h this brilliaat memoir he broadly outlined the 
principal facts of the regime of the river 11 so masterly a way that 
the improved data of more receit times have in most cases oily 
borne out his earlier geieralisatio:. Chavaiie” 11 1885 compiled a 
description of the Nile i1 which the surveys of the Bahr-el-Jebel aid 
the Victoria Nile by Geieral Gordo: and his staff, and the observatiois 
of Emin, Schweiifurth, Junker, and others, were utilised to complete 
the descriptio: of the river. Chélu in 1891* dealt very briefly with 
the whole of the Blue and White Nile systems south of Khartoum. 
In 1897 de Martonne* described the hydrography of the basi: of the 
Upper Nile, but did 10t deal with the basin of the Blue Nile. This 
valuable paper brought together all previous observations o1 the 
equatorial lakes and the surrouidiig couitry, as well as the basiis 
of the Dahr el Jebel, the Bahr el Ghazal, and the White Nile, but 
owing to the Mahdist rebellion 11 the Sudan, little new 11formatioa 
had for ѓел years past bee: obtaiied from the basin of the White Nile 
and its tributaries. The works of voi Klöden, Lombardini and de 
Martonne summarize thei the hydrography of the Upper Nile up to 


i Berlina, 1856. 
2 Milai, 1865. 
з “Afrika’s Ströme uid Flüsse," Wie, 1883. 
* “Ге Nil, le Soudan, l'Egypte," Paris, 1891. 
5 "Zeitschrift für Erdkunde б.” Berlii, 1897. 
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1856, 1886 and 1896 respectively. Ву the secoid of these dates the 
geieral regimer of the Nile and its tributaries was kiowi, and the 
work of the next twenty years has been mainly that of filline in the 
details of the ge1eral plan. 

With the fall of Omdurmai iı 1898 a new stage iı the study of 
the Nile commeiced. As posts were established further south, river 
gauges were erected, and a more precise kiowledge of the periodical 
rise and fall of the river was obtained; іл 1901 Sir W. Garstin 
published a report? о Irrigation Projects for the Upper Nile, 11 
which a series of accurate measuremeits of various tributaries was 
givei, while the volumes discharged by the Blue and White Nile and 
the Atbara river were measured frequeitly 11 1902 and 1903, and also 
those of the tributaries of the White Nile 11 the dry seasoi of 1903, 
and the rainy seasois of 1902 and 1903. 

11 1904 Sir W. Garstin published a further report o1 the basi: of 
the Upper Nile? iı which the White Nile basii was dealt with 11 
great detail and all receit hydrological data were i1cluded. Together 
with this, a report by Mr. С. E. Dupuis o1 lake Tsara o1 the 
Abyssinia plateau, aid the Atbara river added coisiderably to our 
kiowledge of the Blue Nile basia. Several receit books and papers 
o1 the Nile system have also treated more or less completely of some 
ОЁ its aspects but еуел the latest of these" deals very superficially 
with the climate, the geology, and the development of the river. 

Siice 1896, the Оралда admiiistratio: has made regular obser. 
vations of the level of lake Victoria, and siice February 1904 of lake 
Albert also, while meteorological stations 11 these equatorial regiois 
have beer largely iicreased, and 11 the Sudai observatiois are now 
being take regularly at 1umerous statiois. The geological examiia- 
tio. of Germa1 East Africa is progressing rapidly, and the results 
which have бее already published give a much fuller kiowledge of 
the structure of the lake plateau thai has hitherto existed. [1 Ugaida 
new data of this class are few, but in the Sudai a good deal of prelim- 
inary work has bee dore, so that we may now trace, though imper- 
fectly, some of the more importait structural features of the area. 

Hitherto, the source of the Nile supply, its amount, its periodicity, 
the possibility of increasiig it at low stage, and of guarding agaiist 
daigers of excessive floods have beer the special poiits of the river 
regime1 which have received atteition. The story of Egyptia1 irri- 





i Blue book. Egy,t No. 2, 1901. 
£ Cairo, 1904, and Blue book, Egy yt, No. 2, 1904. 
з The Nile in 1904, Loidoi, 1904. 
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gation, its reorga1izatioi and development 11 receit years has attracted 
талу writers, aid the aniual reports of the Public Works Ministry of 
Egypt as well as the works of Willcocks,’ Chélu,? Brunhes,? aid 
Darois,* to mentior a few oily, coitaii full and detailed accouits of 
the utilization of the waters of the Nile. The more strictly geo- 
graphical treatmeit of the subject has of late years received less atte1tio1 
thai the utilitariai, siice the earlier period of exploration and discovery 
came to a1 eid to be succeeded by ore 11 which more accurate and 
detailed iivestigation is ieeded; at the same time the results of 
geographical study cai greatly assist the practical development of the 
resources of the river basi1, aid can furiish clues for the elucidatio1 of 
doubtful points Бу brirging to aid the results of meteorological aid 
geological research by which the physical developmeit of this part 
of the coitireit may be traced. It is desirable, therefore, that the 
hydrography of the Nile should be described 11 the light of this 11 form- 
ation, so as to furiish ai accouit of this great river aid its tributaries, 
defining the part that each plays 11 the regimei of the whole river 
system. By this meais we may hope to leari in which direction 
work may most usefully be dore 11 order to attack the талу problems 
which still remain awaiting solution, although a high civilization has 
existed o1 the baiks of the Nile for more thai 6000 years, and siice 
the first dyiasty of the aicieit empire of Egypt, at least 3600 B.c., 
the height of the Hood has bee: a11ually recorded as the most importa 1% 
eveit of the Egyptian year. 

But much of this information is 106 readily accessible, еуел in 
Europe; observatiois are buried 11 papers communicated to differeit 
societies, ог he 11 goverimeit reports which аге 10t easily obtaiiable, 
and 11 the followiig pages талу such sources of information have 
probably bee: overlooked although every eideavour has bee1 made to 
reider the refereices to authorities as complete as possible. Still it 
is hoped that this collection of material furiished by талу travellers, 
explorers and 11 vestigators 11 the Nile Basini, may be of service both 
to those whose work is directly сол лесѓеа with the River Nile, as well 
as to geographers who are studying the pheiomeia of great rivers. 

Ii the following pages the Nile basin will first be discussed as a 
whole, aid the general lines of its geology, its climate and its hydro- 
graphy, which together comprise its physiography, will be brieflv 


i “Egy Нат Irrigation," 2nd edition, Lodo, 1899. 

3 “Le Nil, le Soudai, l'Egypte, Paris, 1891. 

3 "L'irrigation dais la péuinsule ibérique et dais l'Afrique du Nord," Paris, 1902. 
4 “Les irrigatiois en Egy te,” Paris, 1904. 


sketched. А more detailed descriptio: o1 similar linies will thei be 
giver of the principal drainage basiis, viz:—the lake Plateau, the 
Bahr -el-Jebel, Babr-el-Zaraf wn the Bahr-el-Ghazal, the Sobat river, 
the White Nile and the Blue Nile and Atbara. These collect the rai fall 
which occurs from moith to moith іл the differeit tributary Базз 
and so supply the Nile in its long course through the desert region of 
the Sudai and Egypt. i mM 

Below. Berber. the river receives 10 additio: to its supply except that 
which draiis back 1140 it at low stage from the soil of the flood plains, 
in which the saturation level caused by the summer flood is still higher 
{һал the river level, and the occasional “seils” or floods which pour dow 1 
the desert valleys as the result of the rain storms which occur at lorg 
litervals o1 the desert plateau. But these are of small effect, and in its 
passage through the desert area iorth of lat. 18° to the sea the Nile 
is losing water rapidly by evaporation 11 a climate where coniditiois 
of extreme dryiess persist throughout the year, and the iorth-east 
trade-wind blows almost without iitermissioi. No accurate data yet 
exist by which this loss can be measured, aid the evaporation values 

usu®]y quoted are uisatisfactory. | | 

rom Aswai to the sea the river and its valley have beer fully 
described 11 the iumerous works on irrigation which have bee. 
published, but it will be. useful to examine the evideice ол certain 
polits 11 the light of more receit 11Ёогтайо1; amoig such may be 
meitioied evaporatioi, rate of deposit of silt, both in the river bed and 
o1 the flood plains, and the alleged modification of the climate as а 
result of 11creased irrigation. 

The Nile basia comprises an area of about 2,900,000 square kilo- 
metres, which lies between the 4th parallel of south latitude and the 
32nd parallel of 10rth latitude, thus exteidiig over about 3,100 kilo- 
lietres from south to iorth; but oily a portion of this vast extent is 
an effective area siice the whole of Darfur, Kordofan, the Bayuda 
desert, and all the deserts north of-Berber coitribute 1othiig to the 
river supply. | The limits of the basi» are now accurately kiowi, and 
mapped with sufficient precision for the purposes of the prese1t study. 


Dimensions of «и Nile and its basin.’—The leigth of the 
Nile is usually given? as 5400 kilometres (3355 stat. miles) to the 
ceitre of Lake Vietoris: or 6000 kilometres (3728 stat. miles) for the 





i “Geog. Jour.” Aug. 1905. 
з Wayier, “Lehrbuch der Geogra» hie," p. 417. Hanover: 1903. 


continuous. water way_from_ the source of the Kagera і to the sea; the area 
of its basin is give as about 2,900,000 square kilometres (1,119,737 
square miles). These measuremeits have hitherto bee: made oi 
small-scale maps, but since a coisiderable part of the upper Nile has 
bee receitly surveyed on 1: 250,000, or a larger scale, and 1umerous 
poiits 11 its course have beer fixed astroiomically and by triangu- 
lation, it is now possible to measure its leigth sufficiently accurately 
to furiish a value which later surveys probably will 106 materially 
alter. 

11 the following table the results of such a measurement are set 
forth together with the maps used. The measuremeits were made 
with a curvimeter, aid the meai of four coicordait readiigs were 


take. 
and rouid 


The ceitre lire of the river was followed as far as possible, 
islaids the wider arm. 


The measuremeits were made 


TABLE OF DISTANCES ON THE RIVER NILE. 











Place. Dista лсе. шо ы | Authority. Scale. 
Em. | Айез. | Km. | Niles. 
$ [Вот falls... — — — — || Intell. Det. W. О. Мар) 
7 | Какой... G4 10 64 10 1} No, 1429. Ж 
= | Май... ]35 8+ 199 124 | | Survey by Captain В. Owen. \ 
= Fowoeira ... 75 {7 274 170 |> Cf. Geographical Jowr-| > yorum 
* | Murchison falls.. 77 4$ | 351 218 nal, March. 1905. J 
‚„ | Albert lake... T 38 24 389 242 Colo rel Delmé-Hadclitle, | i 
Bahr el Jebel eitrance ... 3 2| 392 | 244 Geographical Journal, | p 5999859 
Wadelai o| 40 | 456 | 283 |] Feb. 1903. | 
_ | Nimule 152 04 603 378 | 
D | Аза river... .. 21 13 029 391 | Sir W. Garstin, 1903. | тбооод 
2 | Fort Berkeley ... 126 TR | 755 | 469 |] J 
= | Gondokoro ... 32 20 TST 489 |) \ 
о | Ludo ... . 12 i 799 19^ 
B |Momqgalla ... 29 18 328 515 Сауат IT. G. Lyons, 1901 
к Bor — 134 83 062 ROS and 1903, adjusted to 
Kenisa.. .. 117 73 | 1079 670 | ^ ›огло1$ determined by] ^ aados 
EXT Sliambé.. БО 50 | 1159 720 Golorel Hon. M. G. 
5 Hellet Nuer 181 112 | 1340 833 Talbot, R.E. 
= | Lake No 208 | 129 | 1548 | 962 
^! J Tautikia 132 82 | 1680 | 1044 | J J 
~ | Dueim... 630 301 | 2310 | 1435 
= | Khartoum... 200 124 | 2510 | 1560 
= (Shendi... 186 | 116 | 2696 | 1675 
Atbara river 139 S6 2835 1702 Topographical Division 
Berber... .. 40 25 2375 1786 { (one Staff, No. 1489 { 370000 
Abu Hamed 208 129 | 3083 | 1916 Tere mc ES 
Merowe 210 119 | 3323 | 2065 
Dorigola . 212 169 | 3595 | 2234 
Wadi Haifa 445 | 277 | 4040 | 2510 | J 
& | Aswan... 345 214 | 4385 | 2725 
7 } Luxor... 219 136 | 4604 | 2861 
(Јели... 61 40 | 4668 | 2901 
Girga .. 124 T7 | 4792 | 2978 
| Assiut .. 141 S8 | 4933 | 3005 
CANO: ues une сэз 207 2i; | 5330 | 3312 
Delta Burrag ее... 23 11 | 5353 | 3320 
Resetta mouth... s | dat | aene | Bare | Аца 


1 Ву Coradi, of Zürich. 
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tres or 3473 niles. 








Е = 


SOURCE OF КАСЕВА TO RIPON FALLS. 


Place. Distaice. From source. 
Km. Miles. Km. M lles. 
Source... ... «ef — = — — | 
, at Afrika ! 
Касега mouth ...| 690 129 | 690 | 429 M oe ee РҮҮ 
Ripon falls... ...| 218 | 135 | 908 | 564 od Кое 
. D. зе, , 


Leigth of coitiruous waterway, 5589 + 908 = 6497 kilometres ог 4037 miles. 


а 


11 kilometres, апа were corrected for iistrumeital errors and map 
shrinkage. 

T he dista1ces below Wadi Halfa are those ge1erally accepted.” А new 
triangulation has just bee1 completed from Damietta to Wadi Halfa, 
and the publication of a geieral map of the Nile valley and delta ол 
the scale of 1 : 50,000, based o1 the Reveiue Survey maps of 1 : 2500 
and 1: 4000, has bee1 commeiced; as soor as these map sheets 
are ready, improved values for this distaice will be obtainable, but it 
is not anticipated that those giveı above will be much altered. 

The area of the Nile basin is give1 by Dludau * as 2,803,000 square 
kilometres (1,082,284 square miles) composed of 2,660,000 square kilo- 
metres (1,027,069 square miles), represeiti1g the area Клот 1 to drain 
to the Nile, and 143,000 square kilometres (55,215 square miles) to 
the west of Lake Rudolf aid south of the Sobat river, which was thea 
uiexplored. Takiig this as the most recent value, it may be compared 
with a more complete estimate, which the receitly published maps of 
the Sudai permit. 

For determiiiig the area of the catchmeit basi, the larger-scale 
maps which were used 11 measuring the leigth of the river are not 
1есеззагу, for over almost all the basin there is a very small amouit 
of topographical detail, so that the watershed betweei the differeit 
river-basiis can oily be approximately iidicated. The area-has there- 
fore bee calculated from а map ол the scale 1 : 4,000,000 * for the 
Sudai and Ugaida, and from оле of 1: 2,000,000? for Egypt. The 


1 As modified by Dr. Kaidt, Ca;ut Nili, Berlini, 1925. 

2 Willcocks, “The Nile іл 1904," Tables vii, viii. Lodo»: 1905. 

3 Pet. Mitt., 1897, p. 184. 

4 I.D,W.O. Map, No. 1856, exteided southwards to iiclude the Victoria lake and its catch- 
meit basin. 

> Тоос. Div. Gen. Staff, 1905, No. 1792. 
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the tributaries of the Congo and those of the Bahr-el-Ghazal as far as- 
the Marpa hills of Dar Fertit. . The line now turns northwards 
through the Marra mountains of Darfur, and then north-eastward to 
near Dongola from which point it runs parallel to the river and. 
usually fron 10 to 30 kilometres from it until the Delta is reached. 

The eastern limit has a straighter course and passing a short distance 
to the south of lake Victoria turns northward along the Nandi hills 
to mount Elgon.and thence along.the ridge of high land on the. west. 
of lake Rudolf. From this point it follows a somewhat devious 
line across the plateau of Kaffa and Wallega, dividing the head waters 
of the Ото and the Hawash from those of. the Sobat and the Blue 
Nile, to near ‘Addis _Abbabay when it turns northwards along the 
eastern crest of the Abyssinian table-land as far as lat. 15° N.; frorn 
this point it turns westwards to Kassala, and thence follows the 
ridge of high land wh which runs parallel to ar near the Red Sea and 
the Gulf of Suez. О 

The main features of the Nile basin are: firstly, the plateau of the 
equatorial lakes which has an ау "um altitude of about 1300 to 1500 
mass of Elgon whieh rise some 5000 and 2000 1 metres ue respect- 
ively; secondly the watershed, about 800-900 metres above sea level 
which separates the Dahr-el-Ghazal basim from those of the Congo 
and lake Chad; thirdly the Abyssinian table-land which is more than 
2000 metres above sea-level; and fourthly the vast tract of country, less 
than 500 metres ш altitude, which extends from near Hofra-el-Nahas 
in the upper reaches of the Dahr-el- Arab in Kordofan, and Gondokoro 
on the Dahr-el-Jebel, to the Mediterranean. 

Ihe geography of the basin is now known with considerable accu- 
racy, and reliable maps of almost the whole of the Sudan are already 
published, as well as of much of Abyssinia; Junker's and Schweinfurth's 
work in the Dahr-el-Ghazal was added to by the Marchand expedition, 
and recently the numerous surveys and reports of the officers of the 
Egyptian Army have largely increased our knowledge of this part. 
Of the upper reaches and tributaries of the Dahr-el- Arab little is yet 
known, and even with Emin Pasha's journevs to the east and south- 
east of Gondokoro and Wadelai, supplemented by the expeditions of 
Colonel Macdonald, Dr. Donaldson Smith, Comte Bourg de Bozas 
and others, there is still much to be learned about the northern part 
of the great lake plateau. Uganda, and the districts which border 1%, 
are known in their broader features, and their lake and river systems 
have been examined. From the point of view of the Nile supply it 


Survey Dept. Cairo 


APRIL 


PLATE ila. 





A 


100 - 200 





200 - 300 


above 300 





т up т = 


00$ €AOQU 


006 - 005 


005 * 00. 


001 - 06 


OG - 60 


66-0 








= 


may fairly be said that a practically constant supply between Mruli 
and Foweira on the Victoria Nile, and a variable supply at Wadelai 
depending орол the level of the Albert lake, sum up the rôle of the 
equatorial lakes to-day as reservoirs feeding the Nile.’ 


Geology.— [he structure of the different parts of the basin, and 
particularly of the lake plateau and of the Abyssinian table-land 15 
important as controlhng the main drainage lines, but geological 
examination has been confined to a few areas, and almost the oily 
detailed work is that of Dantz and Hermann to the south and south- 
west of lake Victoria. Here we meet with a vast plateau of granitoid 
gneiss, overlaid in places by schists, and frequently covered thinly by 
a ferruginous laterite deposit, the result of the weathering of the 
underlying crystalline rocks in a tropical climate. This gneiss is the 
predominant roek throughout Uganda, though to the north-east of 
the lake volcanic rocks occur, and in mount Elgoi we have the huge 
cone of an extinct volcano. Further north it forms the hills in which 
the Asua and other rivers rise; it crops out frequently in the Bahr-el- 
Ghazal wherever the natural rock appears through the surface soil and 
alluvial deposits, and to the east 16 passes under the thick volcanic 
series of the Abyssinian table-land. North of the line where this 
plateau of the equatorial lakes slopes quickly to the vast alluvial 
plains of the Bahr-el-Jebel, the Sobat and the White Nile, a few 
isolated hills of this rock, more or less granitoid 1n character, occur, as 
Jebel. Хага close to the mouth of the Zaraf river, and Jebel Atin on 
the Pibor, probable outliers showing the former extension of the lake 
plateau, with which, no doubt, at some remote period the hills of 
Kordofan and the ridge of granitoid hills of the Gezira were connected; 
now they remain as the low worn-down stumps of ancient mountain 
groups, and in the Gezira divide the basin of the White Nile from 
that of the Blue. Ihe Kordofan ridge being in an area of feeble precip- 
itation serves only as the radiation point for a number of diainage 
lines, which carry a certain amount of~water in the rainy season but 
usually lose themselves in a swamp or a sandy depression before 
reaching the main stream. | 

Ihe Abyssinian table-land is composed mainly of a vast block of basalt 
lava, which has been poured out in places to a thickness of some 2000 
metres, and overlies the gneiss and crystalline schists, as well as certain 
sedimentary deposits. North of Khartoum, for some ten degrees of 


1 See p. 62 and p. 77. 
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latitude, reddish and brownish sandstones overlie more or less thickly 
the old land surface of crystalline rocks of various kinds, the gneisses 
of archaean type, the later granites and schists, as well as a volcanic 
series of immense thickness and of very early age. Long-continued 
erosion has removed much of the overlying sandstone, which, however, 
never covered the higher parts of the crystalline ridge on the eastern 
side of the basin, but was laid down on its flanks. The Nile therefore 
reaches these underlying harder rocks at many points where they now 
offer resistance to its erosive action, and form the numerous rapids 
which are known, not very accurately, as the cataracts of the Nile. 
The factors which determined the present course of the Nile through 
the northern Sudan will not be known until a more thorough geological 
examination of this part is carried out than has yet been made, but it 
is of interest to note that between Korosko and Aswan, wherever the 
crystalline rocks occur, the direction of the river is closely parallel to 
that of the intrusive dykes.’ North of Edfu the river occupies а 
trough between cliffs which rise to the level of the limestone plateau 
some 300 to 500 metres above the valley floor, and here parallel faults 
have let down this strip of country, thus determining the drainage 
line which the Nile now follows, and in which it has for thousands of 
years deposited its silt on the sands and gravels which had previously 
been laid down in it. Here the river is scarcely ever eroding the rocks 
of the plateau, but flows in its own flood plain so that the geological 
structure of this part of the continent nolonger exerts a direct influence 
upon the river. 


Climate.—In the high pressure zone situated 30° to 35° north and 
south of the equator, there is a gradual settling down of the atmosphere 
towards the earth's surface, and its humidity becomes gradually less, 
until the air reaches the earth's surface warm and dry. In its sub- 
sequent passage over the 20^ of latitude of the hot trade wind belts, 
it takes up moisture and carries it forward into the equatorial calm- 
belt, a region of low atmospheric pressure. Here it is carried up by 
the ascending air currents, and its moisture is condensed into clouds and 
rain. Thus it is that the equatorial cal m-belt is also a cloud-and rain- 
belt, being supplied with the necessary moisture by the north-east and 
south-east trade winds. Ihe rain-belt is wider and less defined than 
the calm-belt, since the ascending air currents flow outwards as they 
gradually expand and diverge from the central line of the cahm-belt. 


1 Ball. Geol. of Aswan Cataract, in the press. 
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north, owing to the deflecting force of the earth's rotation, and to the 
low pressure area then lying over Arabia and Abyssinia. During the 
rest of the year the north-easterly trade-winds, more northerly on land 
where there is more friction, blow down to lat. 5?N. This reversal 
is due to the oscillation to and fro of the equatorial calm-belt already 
described. 

The lake plateau, from its situation on the equator, receives a moder- 
ately heavy rainfall, which is distributed in two rainy seasons March- 
May and November-January, but these are not very sharply defined, 
and some rain falls in most months of the year, especially in the neigh- 
bourhood of the Ruwenzori range ; it is more convenient therefore to 
consider that there is a pronounced dry season in July and August, 
and a lesser one in February, the heaviest precipitation taking place 
about May and December.’ Further north conditions approach those 
of tropical rains, one wet season and one dry season corresponding 
more or less with the summer and winter solstices, so that in the basins 
of the Bahr el Ghazal, Bahr el Jehel and Sobat there is a rainy season 
from April to October, while the remainder of the year is comparatively 
dry, especially December, January and February. 

Beyond the 9th parallel of north latitude the rainy season is shorter 
and more sharply defined, and in the Sudan plains, and on the greater 
part of the Abyssinian table-land, the rains occur between May 15 and 
September 15, beginning and ending with great regularity. The effect 
of this distribution of rainfall is reproduced in the rise and fall of the 
different rivers; the lake plateau with its almost continuous precipitation. 
furnishes to the White Nile a constant supply which has dwindled to~ 
about 400 cubic metres per second by the time it has passed the marshes 
of the Bahr-el-Jebel, while from the Abyssinian table-land comes the 
Nile flood with its rapid but regular rise and fall, due to a rainfall no 
greater than that of the lake plateau but falling within a shai:ply defined 
period of four months. It will be seen later that the Nile supply is 
derived almost wholly from the comparatively small portion of its basin 
which is more than 1000 metres above the.sealevel. . 

It has been known for years past that the rainfall on the more 
elevated parts of its basin supplies the Nile but the statement that 
melting snows also play a considerable part still lingers,’ although 
except for a few streams fed by the melting glaciers of the Ruwenzori 


t See Plate 11 for monthly distribution of tainfall. 
з Ventie Pacha. “Bull. Бос, Khed. Geog,” Cairo 1894, pp. 7, 33, 34, 
Chélu “Le Nil, le Soudan, l'Egypte.” Paris, 1891, p. 22. 
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range, no snow water reaches the Nile, and these streams play an abso- 
lutely unimportant part in its regimen. 

In the recent report on the Basin of the Upper Nile,’ two facts of 
primary importance were published, but their bearing on the hydro- 
eraphy of the river does not seem to have been fully realised if the 
reviews which have appeared may be taken as a guide. The first is : 
the almost constant volume discharged by the White Nile above its 
junction with thé Sóbat; and the second is the feeble part which the 
White Nile plays in the annual flood, less probably than one twentieth 
of the flood being due to it. 

These two facts alone, irrespective of the mass of other classes of 
data which have мени available in the last 20 years, necessitate a 
readjustment of views which have been usually held as to the relation 
of the different tributaries to the main stream and to each other. 

A fuller description of the Basin of the Upper Nile together with 
complete hydrographical details will be found in Sir William Garstin's 
report ‘from which most of the sections of the Nile and its tributaries 
have been taken. Those of the Bahr el Zaraf (No. 2 Plate XII), and 
of the Pibor and Akobo (Plate XIV) were measured by Captain H.H. 
Wilson and are included here by the kind permission of Major General 
sir Reginald Wingate К.С.Б. The section of the Abai River (No. 4 
Plate ХХ Па) is from Petermanns Mitteilungen by the kind permission 
of the editor. I would also acknowledge the kind permission of the 
Council of the Royal Society and of the Council of Royal Geogra- 
phical Society to use papers published in Proc. Roy. Soc., Vol. 76 A., 
p. 66-86 and in the Geographical Journal, Aug., Sept., Oct. 1905. 








1 Report upon the Basin of the Upper Nile with proposals for the improvement of that уе: by 
Sir William Garstin G.C.M.G., Cairo 1904, subsequently referred to as Керо on the Upper Nile. 
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CHAPTER II. 


Тнк Lake PLATEAU.’ 


Altitude.—The lake plateau has an average altitude of probably 
not more than 1500 metres, except in the west where the ridge which 
bounds lakes Kivu and Tanganika rises to a height of 2500 metres, 
while the Ruwenzori range, between lakes Albert Edward and Albert, 
may reach 5500 metres; the east of the main plateau, the Nandi 
hills, mount Elgon and the Karamojo hills, west of the Rudolf 
lake, all rise to heights considerably above 2000 metres. On the 
western side of the plateau, in a great trough, lie the Albert Edward 
and Albert lakes, and the Semliki river which connects them, but at an 
earlier period there is no doubt that this trough valley was continuous 
with the southern portion in which lakes Kivu and Tanganika lie, 
though now the earth-movements and out-pourings of ash and lava 
which took place in connection with the volcanic outburst north of lake 
Kivu, have partially filled the valley at this point, and turned the 
drainage in opposite directions. The remainder of the area drains into 
the Victoria lake, which occupies a comparatively shallow depression in 
the eastern part of the basin. 


Limits of the basin.—The basin of the Lake plateau compris- 
ing an area of 238,900 square kilometres, is sharply defined on the west 
by the western cliff of the valley in which lakes Albert Edward and 
Albert lie ; on the south the boundary of the basin crosses this valley 
by the volcanic range north of the Kivu lake, and then turns parallel 
to the eastern shores of lakes Kivu and Tanganika following the crest 
of the valley wall as far as lat. 4^ S. when it turns to the north-east to 
within about 20 kilometres of lake Victoria. From this point it keeps 
roughly parallel to the southern shore of the lake, bending round the 
south-eastern corner about 100 kilometres from its shore, and running 
north-east to the crest of the western scarp of the eastern rift valley. 

Except at the north-east, west and south-east limits the differences 
of altitude are not great throughout the basin. The Victoria lake 
surface is 1129 metres? above sea level, and on the north side the land 
surface, only 10 or 15 kilometres from the lake shore, falls northwards to 


1 Plate III. 
4 Uganda Railway Survey. 
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Scott Elliot! describes the Karagwe and Ankoli districts to the west 
of lake Victoria, as being some 250 metres higher than the plateau near 
the lake, and being cut up by meandering valleys ; their floor has 
usually but little slope, and is frequently occupied by papyrus swamp. 

Sir William Garstin? describes Buddu province as an undulating 
plateau extending westwards from the eastern cliffs which mark the 
fault line of this part; gravel deposits and caves occur more than 
100 metres above the lake, but these will probably prove to be the 
result of river action rather than marking a former high level of the 
present lake. In Ankol the country is higher but the same alternation 
of flat round-backed ridges and broad valleys with but little slope, 
where swamps .and sluggish streams render movement difficult, 
continues almost up to the western edge of the plateau some 190 kilo- 
metres from the Victoria lake. At this point a further rise of the country 
occurs, the general level being now 2000 metres, with hills rising to 
2500, and this continues to the eastern edge of the rift valley above 
lake Albert Edward. A dense forest belt, “һе tropical rain-forest”, * 
clothes this strip of high land, and presents its characteristic features 
of tall straight tree-trunks with great buttresses at the base, while 
lianes climb in festoons from tree to tree; the sun’s rays hardly 
penetrate through the leafy canopy of the larger trees struggling 
towards the light, and it is only in the more open portions where they 
reach the ground that the smaller vegetation is able to tlourish. 

Ihe wide region south of the Victoria lake consists of an undulating 
plateau 1200-1300 metres above sea level, from which rise two distinct 
types of hills. The one occurs as steep rocky cliffs, the other as long 
ridges of considerable size and of even contour ; the former are formed 
by the granitoid gneiss and usually have an E-W strike and a very 
steep dip, while the latter consist of the ferruginous quartzite schists 
which are particularly characteristic of this region, and in some parts 
south-west of the lake contain gold. South of the lake this schist 
forms groups of long hill-ridges, and south-west of Emin Pasha Gulf 
the Akaranga hills consist of the same rock where they are cut by 
E-W. faults. * 

The ridges of the quartzite schist are frequently bounded, on one 
side at least, by fault lines, many of which have a direction from SW.— 


NE; elsewhere faulting in N-S and E-W directions occurs. The 


1 A Naturalist in Mid Africa, London, 1896, р. 70. 

2 Repoit on the Upper Nile, p. 32-39. Cairo, 1904, 

з Schimper. “Plant Geogiaphy," Clarendon Press, Охота, 1904, p. 284 ff. 
4 Dantz. “Mitt. aus deu deutschen Schutzgebieten" XV., 1902, p. 155. 
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shores of the lake in many places present steep cliffs, sometimes as 
much as 100 metres high, which cannot be satisfactorily explained by 
ordinary erosion, and are certainly due to fracturing and differential 
movement of the rocks. These faults have played an important part 
in the formation of the lake but the time at which this took place 
cannot be satisfactorily determined until later deposits than these schists 
are found.’ 

The area south -of the lake is occupied by gneiss, which near Nassa 
forms ridges having a direction NW.-SE., parallel to the strike of the 
gneiss ; these hills have so steep a face that they must form part of a 
block left by the sinking of the south-eastern part of the Victoria lake.' 

The eastern side of the lake is occupied by granitoid gneiss with 
occasional patches of quartzite schist, but north of Shirati on the east 
side near Karungu (close to the Anglo-German boundary), from Kina 
island to Gurukire bay, a distance of 20 kilometres, there occurs a 
patch of volcanic rocks, doubtless connected with the large development 
of these rocks to the north-east of the lake on the Mau plateau, and 
on the north-west of the lake.* Other outcrops of the same rocks 
occur frequently on the road from Kisumu to Mumias when the granite 
sometimes projects through it. Near Mumias besides these volcanic 
rocks granitoid gneiss occurs widely, with occasional developments 
of the quartzite schists, as atthe Wanyara Hills near the Nzoya river. 
In both north and south Kavirondo there is found also an ironstone 
breccia. ° 

Scott Elliot‘ describes the granitoid gneiss overlaid here and there by 
the masses of the schists as forming the northern and north-western 
part of the lake shore, though here and therc deposits of ironstone 
occur near the lake. The surface of these older rocks is usually covered 
with a deposit of laterite, a ferruginous deposit produced by the 
weathering of these rocks under the influence of the moist tropical 
climate. 

The Ruwenzori range appears to consist essentially of a mass of 
the archxan granitoid gneisses elevated as an orographie block during 
the earth movements, of which there is so much evidence throughout 
the rift valleys, while its slopes are formed of mica schists, epichorites 
and other rocks.’ When first discovered by Stanley the range was 
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1 Dantz. * Mitt. aus den deutschen Sehutzgelieten," ХУ. 1902, р. 155. 
2 Uhlig. Pet. Mitt. 1904, р, 226. 

3 E.E. Walker, Blue hook, АЁиса 11., 1903. 

4 A Naturalist in Mid-Aftica. London, 1896, p. 162. 

5 Scott Elliot, loc, cit., p. 166. 
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thought to be volcanic, but this has long since been disproved by 
Stuhlmann, Scott Elliot and other travellers, though the statement that 
it is a volcanic range still appears in recent books. At numerous 
places round the range, crater-lakes, hot springs and similar phenomena 
show that considerable volcanic activity recently existed along the fault 
lines which bound the range, while on the plateau to the east of lake 
Albert Edward also crater-lakes are numerous. ? | 

Ihe most important factor in determining the orography of the 
lake plateau has been the earth movements which are indicated by the 
numerous lines of faulting ; and as a result of these movements, large 
masses, many kilometies long, have been raised, lowered cr tilted, and 
in the valleys formed along the fracture lines, the main drainage lines 
of the district run. Lake Victoria itself is outlined by such fractures. 
Stuhlmann” records one which follows the western shore of the lake, 
while others run parallel to it, such as the Kingavassi valley, the Urigi 
lake, the Muissa river and lastly the valley of the Kagera river. The 
way in which the drainage north of the Victoria lake flows away from 
16, points to earth movements having determined the form of the narrow 
ridge which here encloses the waters of the lake, while at one point, 
Entebbe, there is definite evidence furnished by the readings of the 
lake gauge of a slight intermittent fall of the land during the last 
nine years, which has amounted in all to about 80 centimetres. ‘ 

From the disposition of the gulfs and islands of this part, fault lines 
appear from Whitehouse's chart to run generally NW.-SE. and NE.- 
SW. Murchison Bay, Napoleon Gulf, and the Kavirondo coast by 
Ugowe, being parallel to the first direction, while the islands by Entebbe, 
the Sesse Islands and Rosebery channel follow the second. Probably 
kavirondo Gulf, when it has been studied, will be found to owe its 
existence to an east and west fault line, like that recorded by Dantz’ 
in Speke's Gulf, while he attributes Jordans’ Nullah and Smith's 
sound on the south shore to others which have a meridional direction. 
Uhlig has recently ° noted signs of another along the east coast near 
Shirati. North of the equator but little geological examination of the 
country has yet been attempted, but probably there also the differential 
movements of the ground have mainly determined the present drainage. 
Ihough it cannot be stated with any certainty till a more complete 


t The Nile in 1904, London, 1965, p. 21. 

? Repoit on the Upper Nile, p. 35. 

3 "Mit Emin Pascha ins Heiz von Afrika" ch, XXX. 

4 See p. 43. 

5 “Mitt. aus den deutschen Schutzgebieten," XVI., 1903, map 2. 
6 Pet. Mitt., 1904, p. 226. 
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knowledge of the geology of the area is attained, there seem to be 
several directions of faulting which may be distinguished ; the NNE. 
to SSW. faulting of the western plateau has already been mentioned, 
while in the north of the lake there seems to be also another series 
NW. to SE; thirdly there is the E. to W. series which Dantz has 
recorded south-west of the lake, near Nassa in the south-east, as 
defining Speke Gulf, and probably Kavirondo Bay in the north-east. 

So little has heen done to elucidate the geological structure of Uganda, 
that 1t would be rash to attempt any detailed account of its develop- 
ment. The most striking feature is the proximity of the watershed 
to the lake, only 10 to 15 kilometres usually separating from the lake 
shores the head waters of the streams which flow northwards to the 
Victoria Nile below lake Choga. This certainly suggests the upheaval 
of a block along an approximately I5.-W. axis, which cut off the drainage 
of the plateau lying to the south, and so formed the present lake in 
the low-lying area which lay between the more elevated areas east and 
west of it. The Nile leaving the lake at the Ripon Falls may mark a 
SSE. to NNW. fault line, lying, as it does, parallel to the numerous 
islands, and the general shore lines of the north-east corner of the 
lake. The present level of the falls seems to be maintained by a dyke 
of diorite rather than by a bed of hard rock, if we may judge from the 
depth of water, 12 metres, close to the upstream side of the falls, 
given in the sections taken in 1902 ;' also the photograph! taken 
in 1903 shows what looks very like the shoreward extension of this 
dyke in the foreground; the drop is 5 metres, and below this the 
Nile falls rapidly in a series of rapids апа small falls, till after a course 
of 65 kilometres it opens out into the stagnant waters of lake Choga. 

Turning now to the south-western portion, Herrmann” has recently 
given an interesting account of the structure of the Kivu lake and the 
Rift valley at this point, which is instructive and throws light on some 
of the changes which this part of the country has undergone. From 
the north of Tanganika lake (about 780 metres) the valley rises 
gradually northwards to an altitude of 980 metres 30 kilometres south 
of lake Kivu; here a ridge of crystalline schists partially bars the 
valley, having been raised to an average height of 1800 metres above 
sea level, while the highest parts reach 2200 metres, and the mountain 
slopes which enclose the valley rise to over 3000 metres on the west and 
to 2,500 metres on the east. Lake Kivu itself lies at an altitude of 
1,450 metres, and its surplus waters drain south wards by the ltusisi river 


1 Repoit on the Upper Nile, Plan L, b and Plate IV , p. 20. 
з "Mitt.aus den deutschen Schutzgebieten,” XVII, I., 1904. 
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which has cut its way through this ridge and falls down its southern 
face in a series of falls and rapids until in the more level country near 
Tanganika 1t becomes a placidly meandeiing river, which finally enters 
the lake by two months in a flat alluvial plain. Io the north of Kivu 
lake lies the belt of volcanoes which have completely blocked the valley 
and cut off fiom lake Albert Edward the drainage which no doubt at 
one time reached it. 

Thus a large block of the valley floor, which is bounded to the north 
and south by I5.—W. fault lines, and on the east and west by the faults 
of the rift valley, has been raised ; the northern fault is indicated by a 
dyke of coarse-grained peginatite cutting into the mica schists which 
form the sides of the rift valley, and along this line the eight great 
volcanic cones have piled up their masses of lava beds and volcanic 
ash forcing the drainage of this part to find a way south wards through 
the ridges of the Kivu block. before all this took place the Albert 
Edwaid lake may have been connected with that of Tanganika, while 
а similarly elevated block in the Semliki valley west of Ruwenzori main- 
tamed its waters at the higher level which its ancient beaches now mark. 


Climate.—In this area, which is approximately enclosed by the 
30th and 35th meridians and is to the north of lat. 4° S. meteorological 
stations are not numerous, nor do the series of observations extend over 
a long репо of time, but the following stations furnish observations 
for temperature and sometimes humidity also :— 


NAMES Altitude Latitude REMARKS 


Entebbe! .. .. ..| 1250 meties| 0° 3’ S. | North shore. 


Jinja’ sa ww к= ШОУ x (P 27, N. " " 

Mumias! .. .. ..| 1140  , 0° 20' N. | I km. NE. of lake. 
Mbarara .. .. «| 1480, 0° 39' S. | In Ankole 130 km. west of 
Masaka! .. .. ..| 1250 ,, 0° 20 S. | West of lake. [ lake. 
Bukoha* .. .. ..| 1200  , 1° 20 S. | South shore. 

Muanza? .. .. ..| 1200 ¢, 2° ЗІ S. Е н 

Taboia? .. .. ..| 1230 ,, 5° 3 S. | 150 km. south of lake. 


Rainfall is also measured at these stations, as well as at Nandi, Eldama 
Ravine and Shirati, on the east of lake Victoria, at Fort Portal in Toru, 
north-east of Ruwenzoii and at Butiaba, on the east of the Albert lake. 

Ihe climate of the lake plateau 1s typically tropical, showing a very 
small yearly range of about 2^ only, while the daily range of temper- 


1 Dhepoits of Committee of British Association, 1891-1900, also Meteorological Office. Climato- 
logical observations I. Tropical Africa, London, 1904. 
3 Maurer. “Mitt. aus den deutsch. Schutzgebieten," 1903, XVI., I. 
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ature (non-periodic amplitude) is about 7° to 8". From the elevated 
position of the plateau the mean annual temperature is about 217-22", 
and the mean daily maximum temperature is 26^, the corresponding 
minimum being 18° or 19°. For stations at a distance fiom the lake 
both the diurnal and annual ranges are greater, as is shown by Габола. 
The humidity is high, as is natural at places near the equator, which 
during most of the year are within the rain and cloud belt. On or 
near the lake itself the humidity 15 high in the morning, and faiily 
high in the afternoon, Entebbe showing the highest value, having an 
average of 89% for the year at 7 a.m.; the afternoon observations 
taken at a few stations are of special interest as giving some idea of the 
amount of evaporation; the mean values for Entebbe 737 , Bukoba and 
Muanza 64% show that it is active on the lake itself while Tabora 52 7, 
and a mean value of 65% for Mbarara for the months July-December 
indicate how large a proportion of the rain falling on the surface of 
the catchment basin is at once removed by evaporation. The only 
actual measurements of this climatic factor, so far as I am aware, are 
those made at Entebbe, February 24-27, 1903, by Mr. J.1. Craig, when 
the weather was close and damp, with fresh westerly breezes and occa- 


sional heavy rain ; 


24 February 378 mm. ) 

25 99 3°0 , | 

96 „ 323 > ь Mean 3*4 mm. per diem. 
21 " 35 . | 


It is evident that this figure must be larger in the dry seasons, 
while over the country at a distance from the lake the average daily 
amount will probably reach 7 or 8 mm. a day. 


MEAN TEMPERATURE. — (CENTIGRADE). 


PLACE Jan. | Feb. | Mar. | Ари! | May | June| July | Ang. | Sept. | Oct. | Nov. | Dec. | Year 





— | —————— | G G c—————Ó— ЁЁ —M——— | c———— || ————— | “ЫР  ———— | ——— Î o ——À | c—— Û Кыян; 


1. Entebbe i22*6|22* 4122*1]21*2i;21:8121:6 21* 1121: 4122: 1j22*5|22*3)21* 9|. 0 
2. Jinja JI*2] as b ae (22° 722231222 ; AV HTO 2121, а tl 
3. Mumias |23*5|24* 1]24* 2122*8/22* 221 *6|20* 0120* 0/21*8]|22*0|22* (022* 8|. 22.5 
4. Mbarara|15:9/19*3/|19*3|19*3/19* 1/|17*6119*4|19*9]20*3119*2] I0 HINO 1972 
5. Bukoba |20*1/20*4]20*8[/20*8|[20*5|20*0/19*3119*5]20*1120*]1|20* 1200 2071 
6. Muanza |21*5/!21*6122*2 21*5|21*:5|21* 9| 22*1]21*8]22*5|22*2]|21* 1]21*]!. 21°53 
7. Tabora |21*9/22*1|21*8/21*60/]21*4|20*9|21* 11[22*90]|241*4|225*5|21* 41 22* 8. 220 


1. 1901 and 1902, 7 a.m., 2 p.m., 9 p.m. 2. 1902, 9 a.m. 3. 1901, 1902, Jannary-August, 9 a.m, 
4. 1902, 9 a.m. 5. 1893, 1894, 1895, 1897, 7 a.m., 2 рт. 9 p.m. ‚. April 1804-Mareh 1325, 
Tam, 2 p.m, 9 p.m. г. 1894, 1895, 1829, 7. am, 2 p.m., 9 рам. 

For these last thiee stations, see Meteor. Beobachtungen aus Deutsch-Ostafiika. Mitt. aue den 
deutsch. Schutzgebieten, XVI. 1903, 





Entebbe.. 
Jina  .. 
Masaka .. 
Mumias.» 
Мааа. 
Bukoba .. 


Muanza.. 


Taboia e e 
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Mean Dairy МАаХІМСМ TEMPERATURE. — (CENTIGRADE). 











Jan. | Feb. | Mar. | Арг | May | June] July | Aug. | Sept. | Oct. | Nov. | Dec. | YEAR 
21*1:21*0|26*8/26*0|25*4 25*6/25*3|20* 4|27*60]21* 1|27*4|26* 8| 26*6 
20*4/28*4 27*8/21* 7|27* 29|21*6|26*6|27* 1128* 91 29° 1|283* 9|27*0| 28*1 
25*9|21'8/24*4|23*0123* 1]124* 3126* 2|21* 0|23* 7124* 8 24*3|23* 9]. 245 
20*1| .. 128*2120* 4 24*4| .. |. | oe | oo | же | же lo i 

26*1|26*8;/26*1|25*3124*8|26* 4264/262/259 24 8124* 8|24* 8| 257 
27°3126°3) 27° 41287 1|21* 01257 1|257 6125*3|26*6|27* 2)21* 4|27* 3|. 26*9 
26-9/26*1123-5|26-9|26*7| .. 127*7|21:5 26*7|28*5 22*7]25* 8 [26* 7] 
29*5|29*7|29* 1|29* 2) 29° 1) 28°81 29° 4]30* 9|31* 8/33* 832: 4]31*3| 304 





1. 1901, 1902 and 1904. 2. 1902 and 1904, except February and March 1902. 
MEAN "лү Minimum TEN PERATURE. — (CENTIGRADE). 

I LACE LE Feb. | Mar. Арг | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. | YEAR 
Entebbe..j|17*8|17*7|17*4117*5|18*0/17*1|16* 4|16:3|167 8]16* 9117*35|16* 8| 172 
Jinja os des | oe [ES IIIT LLG MLO OLS OD Los 4]16* 7] 7* 4] LG Y|[ 1678] 
Masaka ..|15*2]15*5|15*3115*4|1573|15*0|125*7 1115*8|15*3]15*6|15*6]15* 6|. 1574 
Mumias ..113*8/15*4|14*6|16*3|14*8/143*0|13* 4]14* 9] 13* 0| 1437 231127 5|125* 3|. 14*5 
Mbarara .|13*1/113:8/13*3113*3|13*512*9| 13*4,14* 2]12* 0/14*5|15* 1H 11* 2, 1373 
Bukoba ..|20*1/|20*4|20*8|20*8|20* 5 20°O)19°3]19° 5|20* 20120* 1/20* 1|20*0| 20*2 
Muanza ..|17*6/19*1| .. [1773|17* 8| .. |16*3|17*4|18* 4]17*5|18* 0] L7* 81 (17* 7] 
Tabora ..;21*9|22*1]21*8|21*6 p 21*1122:9/24*4|25*5|21*4|22* 8| 22°6 

Mean DIURNAL RANGE or TEMPERATURE. — (MaxiMuM-MiNIMCM). 

PLACE Jan. | Feb. | Mar. Ари | Мау | June} July | Aug. | Sept. | Oct. | Nov. | Dec. | YEAR 
Entebbe..| 9:9| 9:3| 9*4| 8:5| 7*4| 8*5| 8*9110*1110*8110*8110*1110*0] 9*5 
Jinja ..|.. | .. | .. | 9:6 1078107 7/10*6]11*8|12*3112*4| LL*5|10*3|[11*1] 
Masaka ..|10*3| 9:3. 9*1, 8:5| 7°8| DILL 9'1; 8:4| 9:2: 5*7; Ses, 971 
Mumias..|15:3| .. |13*61071| 9:6 se |o. f we | e р T 
Mbarara .|13:0/|13*0/12*8,12:0]11*3]1375|13*012*0113*01107 3|11* 7|12* 0| 12:4 
Bukoba..| 7*2] 5°9) 6*6; 7*9| 7*4| 5°7| 63, 5°8| 6°4| T1] 7:3] 73] 6-1 
Muanza..| 9:3| 1*0| .. | 9:6] 8*9| .. |11°4'10°1|] 8:3:11*0| 4*7| 8*0] [8*8] 
Taboia ..| 7:6) TO! 7*3| TO TU TON S*3| SO] TH 8*3| 8*0] 8*5| 178 


| Cf. also Pet. Mitt. 1905, aiticles Ъу Dr. J. Hoffmann. 
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determining the average rainfall. Thus we are compelled to utilise 
largely the accounts of travellers who have passed through the different 
districts, though such observations, not being supported by exact 
measurement, are not easily comparable. As is usual in the equatorial 
zone most of the rain falls in heavy showers lasting for some hours, 
but continuous rain for 24 hours or more is less common. These falls 
of rain occur usually in the afternoons, the moinings and nights being 
mostly fine ; severe thunderstorms are very common, and in the rainy 
season they occur almost daily. 

Commencing with the southern portion of the area, the German 
station of Tabora situated in lat. 5° 3 5. and long. 32° 53’ E. furnishes 
a series of observations, which are of interest although the station is 
not within the Nile Dasin. There are many gaps in the records but 
probably the average total rainfall amounts to about 650 mm. per 
annum, which falls from November to April, the remaining months 
being almost rainless, when the south-east trade wind sweeps over 
the district producing clear skies and diy atmospheric conditions. 

On the southern shore of the Victoria lake at the German station of 
Muanza, on the Bukumbi gulf (lat. 2° 31' S., long, 33° 5' E.), rainfall 
observations have been taken in 1894-5, and again from October, 1901, 
to the present time. From these it would appear that the rainfall is 
considerable, probably 1500 mm. or more; the 12 months, April 1894— 
March 1895, gave a total of 1375 mm., while in 1902, 2884 mm. are 
recorded as having fallen, so that more observations are necessary 
before a trustworthy mean value can be arrived at. The mean values 
derived from the existing observations show two maxima in April- 
May and October-November, with a principal minimum in July. 

A more extended series of observations is furnished by the German 
station of Bukoba on the west shore of the Victoria lake, rather to the 
south of the mouth of the Kagera river, in lat. 0° 56’ 5. and long. 31° 
46' E. From the following table it will be seen that the mean total 
of rainfall for the year derived from the observations is 2146 mm., 
while the two maxima in April-May and November, as well as the 
minimum in July, are clearly marked. 

On the north shore of the lake a long and most valuable series of 
observations is available from Uganda, Mackay, of the Church Missionary 
Society, having recorded the rainfall regularly from 1878 to 1886 at 
Natete, near Mengo. In 1893 observations were made at Namirembo, 
and also in 1896, 1897 and from 1900 to the present time at Entebbe. 
This last station is on the shore of the lake; Namirembo and Natete 
are close together about 25 kilometres further north. 


From these observations we obtain a mean annual rainfall of 1197 mm. 
for 1878-86 at Natete, and of 1476 mm. for Entebbe, or generally an 
average annual rainfall of about 1300 mm. for this part of the north 
shore of the lake. The two maxima occur in April and November 
with a minimum in July as at the other stations on the lake. Some 
rainfall observations are also available from Kavirondo gulf on the 
north-eastern shore of the lake where the rainfall was recorded from 
January to June, 1899, at Poit Victoria, and from September, 1899, to 
the present time at Port Florence ( Kisumu). These observations show 
an average annual rainfall of about 1250 mm. agreeing with that at 
Entebbe but the maxima are not so well defined occurring from February 
to May, and in November and December; the July-August minimum 
is clearly marked. 

Desides these six stations there are others recently established, which 
have as yet only accumulated observations for a few months. Shirati 
on the eastern shore of lake Victoria shows the same low rainfall as the 
steppes to the east of 1t, and for the short periods during which obser- 
vations exist the mean annual rainfall is only 730 mm. 

In the region lying between the Victoria lake on the east, and the 
Albert and Albert Edward lakes on the west, observations are few. 

The rainfall observations from Fort Portal in the Toru district, 
Masaka in the Buddu district, and Mbarara m the Ankole district, have 
not been long enough continued to furnish reliable mean values, as 
may be seen from the large variation in the amount recorded for the 
same month in different years, still the total yearly rainfall does not 
probably differ much from 1500 mm. while May and November are 
the wettest and June the driest of the months. Fort Portal has a 
higher rainfall than the other two on account of its proximity to the 
Ruwenzori range. Recently also at Butiaba, on the eastern shore of 
the Albert lake, the rainfall has been measured, reaching for 1904 the 
very moderate total of 700 mm., though there is no reason to believe 
this to have been an abnormally dry year in Central Africa. 

Further south in Usiba' Herrmann states that the climate is unusually 
wet, and that it rains almost daily throughout the year; thunder- 
storms are frequent. 

In Karagwe there appears to be heavy rain in March-April. In 
western Karagwe? Stuhlmann, at the beginning of April, describes 
heavy dew each morning, soaking all clothes, etc., then fine weather 


— "—— ли. = PH 


i “Der Wasiba und ihi: Laud," p. 14. В. Fitzner. “ Dei Kagera Nil," p. 40. 
з “Mit Emin Paseha іп Afrika," p. 237. 
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in the forenoon, but by noon cloud masses have formed, and in the 
afternoon there are heavy downpours accompanied by thunderstorms. 
Just before sunset the sky clears. 

In Ruanda! von Gótzen states that there аге no defined wet and 
dry seasons, while in north Ruanda the natives, according to 
Langheld,? state that it rains throughout the year. 

Dr. H. Maurer," in discussing the observations of Bukoba and 
Muanza, points out that the effect of the great water surface of the 
Victoria lake, 68,000 square kilometres, is frequently sufficient to 
mask completely the seasonal winds ; land and lake breezes blow with 
sufhcient strength to obliterate the south-east trade winds here. 
Throughout the year at Bukoba at 2 p.m. the wind blows off the lake 
from ESE. and S., while at 9 p. m. а W. or NW. wind is blowing 
from the land. At Muanza at 7 a.m. a SE. wind is blowing towards 
the lake, but at 2 p.m. this is reversed and the NW. and N. wind com- 
pletely overpower the SE. trade wind except in June and July. Itis 
probably this predominance of easterly winds blowing off the lake 
that causes the high annual rainfall at Bukoba. 

The mean monthly rainfall at different points of the lake plateau 
falling within the Nile basin is given in the following table, derived 
from observations up to the end of 1904. 


Mean MONTHLY RAINFALL, — (IN MirLtMErngs). 





P Latitud ЕЕ ЕЕ | е е Ар 
LACE лисиае = 24 = a = 2 = i E & > a еа! 
Butiaba. .. — 29| 06131137 99/123) 291158) 3711301 96) 90| 965 


Foit Poital.| 0° 40! N. | 55| 411137 4681160/1231 1061115] 166 2191143]. 49| 1482 
Mbaiaia ..| 09 39 8. | 80| 81479| 93| 92| 46| 31| 261182|1215|226|133| 1493 
Masaka. ..| 0° 20 S. | 71112711091234 160| 17| 26|162]15111541128|118| 1258 
Jinja .. ..| 0° 27 №. | 89| 66| 96/210 117; 79| 43] 21| 62| 941103. 97/1177 
Entebbe ..| 0° 3' 8. | 80| 9711741233|107:123| 61| 70! 80! 7816911441476 
Natete.. ..| 0° 10° N. | 601110 11414871122] 72| 85/173) 9914331 92| 4211189 
Mumias. ..| 0° 20'S. | 75| 99|129/239|206/208]173|. 4611861146143] 94118344 
Kisumu ..| 0° 6 S. | 70[118[106[1621127| 80| 42| 50| 75| 971421521210 


Знай ..| I? 


2 91| 49) 6014691 589; 42; 22, (| 26| 76| 34| 66| 730 
Bukoba* ..| 1? 20' 

l 

) 


S 
S. | 061722805741403 54| 28| 56! 62) 931208112212146 
"S. 1128111711121484 146, 108 31101 9611991237) 92/1521 
3 S [111104 104) 87 m и 0| 9| 15| 85422| 662 





Muanza! ..| 2° 3 
Taboia! ..| 5? 


г“ Durch. Afrika von Ost nach West," Berlin 1895, р. 105. 

? Jbid, p. 73. 

3 Zur Klimatologie von deutsch Ost Afrika, Archives, Dei deutscher Seewarte, XXIV, 1901, p. 22. 
4 To end of 1903. 
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But for comparing one year with another, and especially one of the 
rainy seasons with its amount in different years, the stations near the 
Victoria lake are probably misleading on account of the influence of 
this water surface, so that the stations on the plateau to the east are 
preferable. As the rainfall of March, April and May is due to the 
passage of the rainbelt when it is on its yearly move north wards, 
followed by the southerly winds, the variations of rainfall of that season 
are of importance, since the further extension of these rains north ward 
supplies in June, July, August and September the rainfall on the 
Sudan plains, and on the Abyssinian table-land—the catchment basin 
which supplies the Nile flood. Whether an unusual development of 
the rainfall in this equatorial belt is due to a westerly diversion of 
the moisture-bearing currents at the expense of the Abyssinian rainfall 
13 a question which cannot yet be answered ; certainly in some years 
heavy rainfall south of lat. 6° N. occurred in years when Abyssinian 
rainfall was markedly defcient, as in 1902, while it has also been 
deficient in years of bad Nile Hcod, asin 1899. The matter is an 
important one and the effect of local conditions in north-east Africa on 
the southerly monsun winds of the summer will not befully understood 
till the part played by these equatorial rains is better known.' 

Ihe amount of rain recorded as falling in each month for the differ- 
ent years during which observations have been made are given in the 
tables which follow, but it is difficult to trace any definite. relation 
between these amounts and the variation of the lake level for the 
reason given above. The rain-gauge stations are few and large areas 
of the country have none, while on the lake shores, where the local 
conditions prevent the rainfall being representative of the basin, nine 
out of thirteen stations are situated. 


RAINFALL IN MILLIMETRES. 


Tabora LATITUDE 3° 3,8. Тохс:тсркЕ 32° 53 E. ALTITUDE 1230 METRES. 


DATE Jan. | Feb. | Маг. | Ари! | May | June| July | Aug. | Sept. | Oct. | Nov.| "ес. | YEAR 








-—GI——— G —— И —A———0"DÓÀÓA€A€—— | —— |  ——X———— Û ————— ЁЁ ——— Û МЕ Щн ний 


1803 |..|..|..|..! 58 о О ol ag 51 

1804 | 167| 77 9208 165| 1| 3 ol ol ol 2| 95| № 5 

1395 | 143| 175; 105| 124, 10; О O0 O we | we j oe | o [560] 

1899 | 101) 125| 110| 45} 0| Ol о... ol asl a 1 [165] 

1900 |..|..| № 2? : 

1002 | Bol 37} 51| إن |2 |2 ي‎ ol al 93 43 s) 352 
| 
i 








1903 05| 86 79 60 7 
1904 132| 119) 210 30 LE 


Mean..| 115| 106] 119! 80 | 20 | 4 0| 0 {| 15 | 50| 129 615 





{ See chap. X. 
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Muanza. LarrmrupE2?31'S. [омсіторе 88° 5' Е. ALTITUDE 1135 METRES. 


| 
ОАТЕ Jan. | Feb. | Mar. |April | May | June | July | Aug. | Sept. | Oct. | Хоу. | Dec. | YEAR 


idm— | ——— | ———A | ——— н | dedu | Á co ————À | d————— | —— | c—— № — рл RR HR n 


1894 |..|.. |... | 165] 135| 19|] 9] 80) 74| 181] 102| 121} ) уз: 
1805 | 90| 1921 216] .. bL. L| e | e ee le | oe | e. " 
1020 | we | ee | ee fee | we | oe ..|.. | 42| 151| 66|] [259] 
1902 | 92 43| 72| 217] 378| 357, 10] 226] 276| 470] 602| 92| 2835 
1908 | 202| 187 uus we fee | ee | we | ee | [389] 





Mean '.| 128) 117| 112! 184| 146; 108 8101 96, 192| 237) 92| 1521 


Bukoba. LATITUDE 1? 20 S. LoNairUDE 31° 52’ E. ALTITUDE 1140 METRES. 


DATE | Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov.| Dec. | YEAR 








1893 ES | 
1594 56| .. | o 
1815 89| 166| 299 


..|..|..| 58 тор 861 199| 142 ен 
320| 12| 27 60 5 110| 195| 74| [859 
6} 74| 329| 113| 5666 


сле 2 
— 
- | 
го 
Cem me. 
MW» 
jet 
hian 
C 
c 


: 7 5 
1596 112 e 9 oe ео е е e e ве ә se LE ee 9 e [ 112] 
1897 | .. | .. | .. | 391| 168] 146} 43| 57| 118] 101| 147| 195| [1366] 
1898 130 126 22N $ * 9 e * о € 


) 
1901 | .. |... | .. 
1902 | 70| 224] 312] . 
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Mean *-| 96 | 172| 280| 571| 403| 54| 28| 56! 62| 93| 209| 122) 2146 


Shirati.  LoNcGirTUDE 33° 50' Е. Latirupe 1°2' S. ALTITUDE 1135 METRES. 





DATE Jan. | Feb. | Mar. | Ари! | May | June] July | Aug. | Sept. | Oct. | Nov. | "Рес. | YEAR 





з D чырын | ШШЕН Ш ми 121 ль Û À—— [| d——X————— eee 


Mean *¦ 91| 49| 60| 169| 89) 42| 22) 6) 26 76 34 66 130 


[сы 


1 Mean deiived fiom Ари! 1894-May 1895 and Oct. 1901-Dec. 1903. Uhlig in Deutsch Ost 
Afiika Zeitung 16 Ари! 1904. 

* Mean afte: Uhlig loc. cit. 

3 Mean for Nov. 1902-Dec. 1903. Uhlig loc. clt. 
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Natete. Larırupe 0° 10 №.’ LONGITUDE 32° 96' Е. ALTITUDE 1250 meties. 











DATE | Jan. | Feb. | Mar. | Ари! | Мау | June| July | Aug. | Sept. | Oct. | Хоу. | Dec. | YEAR 
1871 - 2 Е КА а some [much much [much| less "T" 
1878 | .. | .. | .. | 133] 38| 38} .. 1 .. | .. 1. | 54| 89| [35 
1879 142; 93| 134| 144) 203] 22 9| 20) 141) & S+ 39] 1159 
1880 5] 160] 137] .. | ww fee | ee [oe db e | ee | ee |... | [302] 
1881 85| 123| 168} 345) 08| 66| 67| & тт 90| 119) 60| 1396 
1882 40| 120; 54; 214) 98| 48) 74| 79 119) 195| 1 26 1142 
1553 112, 66| 75| 180 110) 75| 136| 120 ТИ 57| 100] 20 1122 
15834 | 13 s4| 76 10 62 99| OL} 36} 00| 235] 110) 8 1034 
1885 30| 128! 168) 145! 140) 132) 133| 57| Т& 135 105] 52| 1336 
1886 | 52} 98! 98| 226] 291 G4 .. | .. | a. | ee | ee | ee | [159] 
Mean..| 60| 110) 114] 157| 122; 72| $5) 73 99 133 92| 42 1189 
Namirembo. (NEAR NATETE). 

DATE Jan. | Feb. | Маг. |Apiil | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | YEAR 
1892 Heavy tani f ss Eas oe | wel) ЕТЕ жъъ | sw | x ГТ 
1893 | .. | .. 1(71]| 227| 100] 61 26 17| 126] 121] 69] 54| [875] 
184 | 9|..|..|..|..|..].. sud ж» [ us [9] 





Entebbe. LatitupE 0° 3' S. LoNaiTUDE 32° 30' Е. ALTITUDE 1160 meties. 
DATE Jan. | Feb. | Mar. [Ари | Мау | June j| July | Aug. | Sept.| Oct. | Nov. | Dec.| YEAR 
1896 oo | ee | ee | 217) 113| 81 8} 104| 60| 117| 306| 119) [1125] 
1897 | 44| G4} 100] 349] 267) 81| 73}... | .. | .. |... |e. 1 C978] 
1899 еще] че | вера | зе ть ЧУЧ 42] [4°] 
1900 GO} 108 154| 345| 68 145] 11| 74 57] 39| 152| 318 1504 
1901 94| 125) 133, 199| 199) 125| 102 9| 17| 49| 55| 105 1214 
1902 14| 177| 13 129| 105] 28 57| 101| 142| 114| 197| 96 1203 
1905 167| 1S} 335| 221) 175} 260| 133| 39 ИЗ] 83| 95 139 1769 
1904 42| 98]| 250) 172; 212, 137| 46) 106| 59 006, 203| 180 1600 
1905 5504 18 239) 138) 2097 Loo) 144] H; 105) Lod) 194) 157 16:0 
Mean..| 77| 86| 183] 221] 172| 129| 72| 06) sa| 90| 172] 149| 1501 





= MEÉ rs 


Bugala (Sesse Islands). Lar. 0° 10° 8. Lona. 32° 20’ Е. Ат. 1135 metres: 








DATE Jan. | Feb. | Mar. |April | May | June | July | Avg. | Sept. | Oct. | Nov. | Dec.| YEAR 
1904 | .. .. | 245| 428| 72 110| 89} 142 323 940| [1655] 
1905 | 140] 93) 255| 208] 332] 117) 135|< not received >; [1283] 
Mean..| 1431 93| 255| 226| 880] 94| 135| 110] 89 142 923 240| 2236 














Jinja. Lar. 0° 21’ N. Lona. 32° 12’ E. ALT. 1135 metres. 
DATE Jan. | Feb. t Маг. |April [. May | June} July | Aug. | Sept. | Oct. | Nov.! рес. | YEAR 
1902 | 70| 103| 28) 279| 174| 24| 77] 190] 18| 87| 119} 103| 1278 
1903 145| 48| 115|< 300 >] 152;< 83 >| % 127, 43 5 1107 
1904 | 48| 47 145] 150 77| 62| 29| 125 73| 38 147| 131] 1116 
1905 62| 18] OS} LOO} 104| 12 SA 69 77| 137) 231; 76| 1071 
Mean..| 83 54 96 170| 126] 62| 58 106| 60 110| 135] 92| 1157 

Kisumu. Lar. 0° 6' S. Lona. 34° 30 E Avr. 1135 metres. 
DATE Jan. | Feb. | Mar. | April | Мау | June] July | Aug. | Sept. | Oct. | Nov. | Dec. YEAR 
1899 | *3 *3| 26 86} 123 65| 2| .. | GS 74| ПВ 195) [690] 
1900 132, 103| 118; 128| 47| 75 39; 68 18 73 150] los) 1258 
1901 54| 229) 194 2721 98 53 49 9| ПА 110ү 104 78 1273 
1902 | 21 34) 45|..|..| 39 90| 32 104| 75] 310] 187! [987] 
1903 | 145) 131) 158| 202] 220 232, 27| 20 96| 153 15| 112| ПАЧ 
1904 о 36] 96) 122; 146] 17, 43| 118| 43| 91 144| 249| 1105 
1905 129) 7B} 254 100) 21 42} 64 56| 59 45| 163; 350] 1363 
Mean..} 80| 111| 124 152 114, 75 45 50 68 8 145 180 1238 

* Days. 

Mumia’s. Lar. 0° 20! N. Lona. 34? 30' E. ALT. 1220 meties. 

DATE Jan. | Feb. | Mar. |АргИ | May | June | July | Aug. | Sept. | Oct. | Nov. | рес. | YEAR 
1597 JOL 112| Jol} 226; 147| 321| 157| 273) 406| 277) 178) 34 2372 
1595 OS; 55| 89| 502| 203| 291| 211| 117| 119| 105| 177| 17] 1754 
1599 .. А 40j 205| 223| 122| 66) 64| 91 102| olf 71| [1135] 
1900 111) 216| 174| 109) 179) 125| 103) 152| 1231 116] 247| 216| 1571 
190] 20| 144 110| 292; 228| 58 124 ТИ 174| 118| 85 45 1481 
1902 | 22) 70| 213) 2991 113| 252| 106] 177| 158} 157| 188 1898 
1903 Lib) 72 243 19 195 410) 262| 85| 274| 169| И 114| 2319 
1904 le; 66| 1527 279) 172) 221) 175) 203| 126| 126] 96; ПИ 1748 
1905 | 106] 5%; 128| 154| 232| 89 127) 247| 84| 196| 246| 226| 1893 

Mean ..| 79] 94] 129| 230| 209) 194| 167| 157| 175| 152| 155| 108; 1349 
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[1 the summer moiths, wher the raii-belt lies to the north ward, 
these dry south and south-east wiids must blow across the lake catch- 
meit basi1 еуел though the diurial reversal of wiids ол the lake itself 
is 10t mastered by them, and will greatly increase the evaporation. It 
will be see1, wher the lake-gauge readiigs are examiied, that this is 
actually the ease, aid that there is a very marked diminution of the 
water during the greater dry seasoi, which must be due primarily to 
greatly 11creased evaporation from the lake surface, and in a much 
lesser degree to the discharge at the Крол falls which when it reaches 
600 cubic metres per secoid is oily equivaleit to 0.76 mm. from the 
whole lake surface daily. 


PERCENTAGE FREQUENCY OF WINDS ON LAKE VICTORIA. 


Tabora.—1893-1899 (Observations at 7 a.m., 2 p.m., 9 p.m.) 


Months N NE E SE y SW W NW Calm 
January  .. 6 12 17 12 3 3 7 4 36 
February .. 4 17 J 12 1 1 6 29) 
March.. .. 8 13 28 7 1 4 Ó 4 32 
ич соо ж» 1 9 49) 15 0 2 ] 1 2? 

TW ad as () 5 51 22 1 1 () () 20) 
June .. oe 0 3 46 25 8 3 () 1 14 
July .. .. 0 2 65 19 4 1 0 0 9 
August.. 0 3 G8 20 2 1 0 0 6 
September .. () 1 51 19 I Ü () I 13 
October. 1 5 46 22 4 2 1 1 15 
November .. 2 13 40 T 3 2 3 2 28 
December .. З 11 21 2 ] 0 16 З 31 


Muanza.—April 1894-March 1895 (Observations 7 a.m., 2 p.m., 9 p.m.) 





Moiths N NE E SE У SW W NW | Calin 
Jantary .. 30 7 I 15 10 1 10 7 2 
February ..| 41 T 16 16 8 4 0 15 3 
March.. .. 4 18 4 17 2 4 9 34 12 
April .. ..| 12 1 > 15 11 9 1 13 24 
May .. .. 5 З 2 ) 5 1 5 20 21 
June .. .. | 12 10 o0 12 э à 3 16 
July .. ..| 26 4 T 13 22 ) ] 4 5 
August. .. 31 13 10 11 16 Û 0 8 5 
September ..| 44 8 14 17 1 () 2 ]^ 0 
October. ..| 19 5 3 23 0 2 Ü 30 12 
November ..| 16 19 13 6 5 13 11 11 б 
December ..| 30 6 13 24 2 4 6 12 3 
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Bukoba.'—(Obser«atiois 7 a.m., 2 p.m., 9 p.m.) 


Moiths N NE E SI S SW W NW Calin 
January 9 2 3 2] 0 2, 19 33 
February ..| 11 2 14 11 11 б 16 16 13 
March.. 8 8 12 14 7 9 18 14 10 
April .. .. 7 0 17 18 1 11 21 11 9 
May "T 4 0 2 28 16 2 4 2 41 
June .. .. 2 0 6 17 21 11 5 4 33 
July .. .. 3 0 6 26 17 3 6 9 31 
August. .. 7 1 4 23 15 1 7 19 24 
September..| 10 1 9'Î 16 T 1 D 22 2s 
October ..j 15 2 4 20 0 2 14 14 25 
November ..| 19 2 6 18 0 2 7 20 19 
December ..| 11 4 1 19 y 1 д 2] 23 

Entebbe?.—July 1901-December 1908. 

Moiths N NI E SE S SW W NW Calin 
January 6 0 Ü 11 16 1 5 3 58 
February 3 0 1 8 2s 2 4 2 52 
March.. 2 0 1 1 20 1 7 I 49 
April .. 2 1 16 1 16 3 2 l 22 
Мау 2 0 9 5 17 3 () 0 64 
Juno 1 1 1 12 14 2 3 3 63 
July 5 () 1 9 22 1 2 2 08 
August . 2 2 3 9 20 1 2 2 99 
September . . 5 T О 15 16 2 4 1 52 
October. à 1 1 12 17 4 3 З 20 
November .. 2 1 1 ]2 12 1 5 2 64 
December .. О 1 1 11 12 2 8 ] 64 


Variations in lake level. *'— The variations 11 the level of the 
Victoria lake as of other lakes admit of divisio 11to several distiict 
classes :— 

a) The iicrease or decrease i1 size, due to climatic or other cha1ges, 
which affect them over lorg periods ; 

b) The oscillations due to variations in meteorological coiditioís 
haviig a comparatively short period, such as that of about 35 years, 
detected by Briickner,* and in which a period of high levels is followed 
by a period of lower levels ; 

с) The a11ual oscillations due, 11 the case of the Victoria lake, to the 
April and November rains. 

і Maurer loc. cit. 
3 Meteorological Office, Lodo. 


3 From Aj eidix III of a Reyort on the Basin of the О er Nile, Cairo, 1904. 
4 "Klimaschwaikuigei." Vieria, 1890. 


dies 


d) The alteriatioi of lake and laid breezes causes a daily oscillation 
of the water, which is more aoticeable 11 large laidlocked gulfs like 
Kaviroido (Kisumu) thai in more орел situations as at Еее. 

e) Мпог irregular chaiges (Seiches) which can oily be briefly 
meitioied, siice the evidence available is quite insufhcient for any 
discussio1 of them. 

For the first type, there is much evidence all rouid the lake that 11 
early tines its waters stood at a higher level. Scott Elliot’ attributes 
the flat alluvial plains which fill the valleys above the preseit lake 
level, to the detritus brought dowi by the tributary streams and 
deposited in the still waters of the lake. He puts the upper limit of 
these alluvial tracts at 30 metres above the preseit lake level, and 
1iotes that the lake appareitly remained statioiary for a coisiderable 
time about 13 metres above its preseit level. 

In any case, seeing at what a small elevation the water-partiig on 
the 1orth shore of the lake 15 situated, there can have Беел 10 very 
great vertical exte1sio1 of the lake siice the earth movements which 
turied the drainage of this part towards the Victoria Nile. 

Secoidly we come to the periodical variation of the lake for which 
the evideice is furiished by observatiois made by travellers and others 
visiting or residing by the lake, and by the series of the lake gauge- 
readiigs takei at three poiits o1 the iortheri shore of the lake 
siace 1896. The Freich missioiaries at Bukumbi 01 Smith's Sourd 
(south shore) are said to have possessed a record of the level of the 
lake exteidiig over талу years, but it is reported to have been lost 
with much other scientific material by the siıkiıg of a caioe ол the 
lake. 

In discussing the charges 11 the lake level during a series of years 
from the observatiois of travellers there is usually some doubt as to 
the exact 1ature of the rise or fall they record. Гл the case of the 
Victoria lake, where the average a11ual raige during the years 1896- 
1904 is 07:660, it is ofte1 uicertai1, when a rise of 3 feet is recorded, 
whether this is a somewhat larger гале thai usual, ог whether a real 
і1сгеаѕе of the mean level of the lake is inteided. In the years for 
which gauge-readiigs exist the raige of the lake has varied from 0""46 
to 0-89, and variatiois i1 raige may be 11dicated to travellers аз sigis 
of risiag or falling lake level though they тау be of a temporary 
character oily ; caution is therefore 1ecessary in interpretiig isolated 


observations. 





i А Naturalist io Mid-Africa. Loidoi, 1896, р. 39, 


To take the first class of observatiois :— 

1ı March, 1875 Stailey ' described the islaid of Ukerewé as separated 
from the maiilaid by a narrow chaiiel, at оле place oily 6 feet 
wide and 3 feet деер ; in Jure of the same year he ри це through it.” 

Wilso1* 10tes that i1 February, 1877 there was exceptionally heavy 
rali to the south of the lake (Uyui), and attributes to this an u1usual 
rise of the lake at the time amouitiig to 2 feet. 

Hutchiisoi* states that Wilson лобсеа soor after his arrival at 
Kagehi (south shore), i1 the middle of February 1877, that the lake 
was slowly rising. By Mav, 10 days after the raiis had ceased, the 
level was at its maximum, and thei begai to recede; the total rise 
from a point marked o1 a rock 11 February was 2 feet. On his arrival 
again at Kagehi or the 12th January, 1878, he fouid that the water 
level was within 1 to 15 inches of the maximum as marked 01 the 
rock 11 the previous May, showiig that the November- December raiis 
had bee particularly heavy. On revisitiag Kagehi o1 the 15th March 
1878, the level was the same as on the 12th January. А few days 
later at Ugaida he obtained evideice of the ui1usually high level of 
the lake there also. 

Felkin” records that the lake rose З feet above its usual June 
maximum 11 August aid September, 1878, 11 consequeice of the 
exceptio1ally heavy rains. 

Fischer ° records a failure of гаі to the 1orth-east of the lake 1ear 
Kisumu 11 the early part of 1886, and says that two years previously the 
raia had failed, so by this time the fall of the lake seems to have set in. 

Stailey, o1 his secoid visit to the lake, after the rescue of Emin 
Pasha, states’ that by September, 1889 the Freich missionaries at 
Bukumbi had determined by observatio: that the lake had falle: 3 feet 
11 the previous 11 years. Неге again there is some ambiguity ; a fall 
of е a11ual meari level should be meait, but perhaps the maxima 
of differeit years are referred to. He was also told’ that Ukerewe 
was 10 loger an islaid. 

In April, 1891, Dermott? 1oted 01 the islaid of Kitaro, south of 
Ukerewe, that the lake was ata level 5 or 6 feet lower thai the high- 


1 “Through the Dark Coitireit,’ I., p. 160. 
* Ibid. p 257. 

3 Pruc. Roy. Geog. Soc., 1880, p. 616. 

+ Ibid. 1879, p. 136. 

5 “Uyaida and the Sudari,” I., р. 396. 

6 Pet. Mitt., 1895, p. 67. 

7 cIa Darkest Africa," IL, p. 396. 

8 Proc. Roy. Geog. Soc., 1892, p. 120. 
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level marks on the rocks; he also states that the Lugeshi (Rugezi) 
straits betweei Ukerewé and the maiilaid were тоё passable, there 
being oily a few iiches of water ; as 11 April the lake is usually rising 
steadily, this observation teids to bear out Stailey’s informatio, and 
points to the lake haviig beer especially low 11 1889-91. 

Lugard’ in Jure, 1892, records an exceptionally heavy rainfall and 
a marked rise 11 the lake, "some 6 feet perhaps above its ordiiary 
level." This was due to heavy raiifall betwee: the November and 
February preceding. 

Baumaii”ii 1892 finds Ukerewé to be an islaid, but the Киселі 
strait is fordable, aid it is showa as ап islaid iı the latest maps: thus 
there had bee: a rise of the lake due to the 1891 raiis after Dermott’s visit. 

Daumaa1^ collected all i1formatio1 o1 the subject that he could, 
and was of opinion that the lake level fell from 1880 more thai а 
metre, but at the time of his visit, (1892-3) it was rising. This was 
10t thecommeicemeit of a period of maxima, as seems to be implied, 
but was due to the heavy raiis of November, 1891, to February, 1892, 
which caused a higher mea1 lake level 11 1892. 

Père Brard” states that the lake level on the southeri coast rose, 
11 1895, 1:5 metres in coisequeice of the heavy raiis, and plaitatiois 
for 200 metres aloig the southeri shores were destroyed. The 1atives 
said that no such high level had occurred for 30 years, but that of 1878 
was certainly as high or higher. [1 this case а high maximum is 
probably meait as the heavy rains begai 11 March, and were u1usually 
heavy at both Muanza and Bukoba throughout April aid May. 

From the iiformatio1 collected by Sir W. Garstin in January, 1903, 
we have:— 

а) Pere Bressoi, of the Freich Missio: at Kitebbe, states that there 
has bee1 a coisiderable fall iı the lake level 1ear Kisibu (betwee. 
Eitebbe and the Murchisoi Gulf). 

b) The aatives say that there has bee: а considerable fall. 

с) Mr. Pordage states that the reef i1 froit of E1tebbe was covered 
in 1896, but 11 February, 1903, it was well out of water. The meai 
level of the lake has falle about 0:6 metres betweei these dates, 
according to the gauge readings (sec Plate Y). 

d) Accordiig to Mr. Wilsoi sirce 1894, 3 feet has Бее the maximum 
rise of the lake, and that was 11 1895. | 

e) Mr. Marti says that sirce 1889, when he first. visited the lake, 





љ Чн. РИНЕН. JG = Жы in m 
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1 Ibid. 1892, р. 827. 
2 Durch Masai-laid zur Nilquelle, p. 143. 
3 Pet. Mitt. 1897, p. 77. 
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meai for 8 years of 1189, and the early moiths of 1886 were up to 
the average. But the easter1 shore throughout is much drier, and it 
is certain that all over the lake basii large variatiois 11 raiifall may 
occur withii short dista1ces. 

Sieger,’ after reviewing the evideice for the variatiois 11 level of the 
Ceitral Africai lakes, sums up his results as 11 the followiig table :— 


Movement, Period. Lake. 

Minimum 18th Century Chad and Tanganika 

Low 1840-1850 : 5 

Rapid rise 1853-1855 Chad 

Fall Before 1800 Chad | 
Rapid rise 1875-76 or 1873 Chad, Nyassa, Tanganika 
Е all 1879-to 1886 Nyassa, Tanganika, Kilwa. 


(хелегау speaking the: 1850 to 1878 would seem to have bee: a wet 
period, and 1879 to 1886 a dry оле for the whole of Ceitral Africa ; but 
from what the gauge readings o1 lake Victoria teach (see Plates IV, V 
and УГ) it is clear that lakes where evaporation is the maii coitrolliig 
factor, and the volume discharged from the lake is comp ratively 
small, very coisiderable variation 11 the level may take place without 
аз у marked increase 11 the average raiifall siice the lake level 
respoids quickly to any temporary 11 crease 11 loss or supply. 

Turing now to the recorded readings of the lake level, there are 
three lake gauges on the Victoria lake, all situated on the iortheri 
or 1orth-east shore of the lake; in German territory оле has been 
established but the site is 10t yet kiowi. Of these оле is at Entebbe 
on the тог shore of the lake, the secoid at Jiija, just above the 
Ripoi Falls, where the Nile leaves the lake, and the third is at 
Kisumu, ear the railway termiius 01 the 10rth-east shore of the lake 
and at the head of the almost laid-locked Kaviroido Gulf. 

All these gauges have bee1 moved siice the daily readiigs of the lake 
level were first commenced in 1896, and some coisiderable gaps occur 
in the records, still, after elimiiatiig as far as possible these sources of 
error, there remaiis a valuable collection of data from which it is 
possible to obtain a coisiderable amount of 11formationr. The gauges 
were first fixed at the eid of 1895 by Mr. Macalister,’ care being taken 
to have as firm a fouidatio1i as possible to avoid subsideice of the 
gauge; and observatiois were commenced Jaiuary 1, 1896, at Port 
Alice, which is close to the preseit site of the itebbe gauge, and at 
the Luba's gauge which was close to Fort Luba's o1 the east side of the 





і Bericht f. d. XIII, Vereiis-Jahr (1887) des Verein d. Geograyhei. a.d. Univ. Wier. 
1 Geog. Jour., Oct., 1901, p.403. 


Napoleon Gulf ол the 10rth shore of the lake, 10t far from the Ripon 
Falls. The third gauge in 1896 was at Port Victoria at the south- 
westeri eid of Berkeley Bay, an inlet of moderate size 01 the orth- 
east shore of the lake. 

The three gauges at Port Alice, Luba’s and Port Victoria were 
observed regularly uitil the eid of July, 1897, whei the Sudaiese 
mutiiy interrupted the observations. The readings of the Port Alice 
aid Port Victoria gauges were resumed on September i, 1898, and 
that at Luba's о May 1, 1898. During this iiterval there seems to 
have bee: no 1iterference with these three gauges, but this 15 now of 
little importaice since 01 the October 1, 1898, the three gauges were 
adjusted by Capt. C. N. Fowler. ! On the September 30, 1898, the 
three gauges stood as follows :— 


feet, in, 


Port Alice ... ... ... 2 4 
Luba’ S ax sos эъ же 1 71 
Port Victoria... ... ... 3 3 


The lake level had beei very steady all September, the range being 
25 11ches or less. 

It appears that Port Victoria was the gauge to which the others were 
adjusted, and Capt. C. N. Fowler in reply to a query on the subject 
writes as follows :— 

“In year 1898 I was coisulted by Mr. Eriest Berkeley, H. M. Com- 
missioner, as to the fixing of a “zero” for all stationis o1 the lake; the 
result of the co1sultation was as follows :— 

"Haviig fixed a ‘zero’ at Eitebbe (Port Alice), I proceeded in the 
steam lauich Victoria at full speed to Luba's station, some 24 hours’ 
steami1g, and adjusted the ‘zero’ at that station to a depth similar to 
that recorded 01 Eitebbe gauge, no telegraph available. Weather calm 
during trip. Method primitive, but oily оле available." 

It is seer from the daily observations that o1 the following day the 
three gauges were practically 11 agreemeit, the gauge scales of two 
having bee1 depressed, so, though Captai1 Fowler does 10% definitely 
say So, Port Victoria was the gauge to which the other two were 
adjusted. 


Port Alice. Luba's. Port Victoria. 
September 30... ... ... 2ft. 41. 1 ft. 75 in. З ft. 3 in. 
Adjustment ... ... ... + 106 , +1, 860 4 О, 0 ,, 
October 1... .. ..  23ft 3 , 3, 1. ый 


l Brit. Assoc. Rep., 1901. 
3 0*5 inch. fall. 
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After this the gauge remained at Port Alice uitil March 31, 1900, 
whei it was removed and set up at Eitebbe. These places are close 
together, and this chaigeiitroduced 10 appreciable error 11 to the series 
of observatiois, for the gauge at Port Alice had beer reading 2 ft S in. 
from 19th to the 3156 of March ; it was erected at Laitebbe ол the 
Ist April to read 2 ft. 7 in., aid the same reading was recorded for 
every day 11 April, so that the lake level was practically stationary 
during the move of the gauge, as is shown by the following readiigs 
of the other gauges :— | 


Luba's Kisumu 

1900 ft, in, ft. in, 

30th March M ыу мэ ee, КУЫ) 2 0.0 
Bist 4 eese se se se 1l 50 2 0.0 
Ist Ар... .. .. .. .. .. 14.0 2 2.0 
ОШ зу же эж эш жа e us b Ou 2 2.0 


Uifortuiately this gauge was knocked dowĘ or washed away ол 
May 31, 1901, and was not replaced u1til October 20 of the same year 
so that the fall of the lake at this site from the maximum is 10t recorded. 

After Luba's gauge had been brought iito accord with the other 
two by depressiig its zero lft. 6 in., 01 October 1, 1898, 16 was 
regularly observed until July 31, 1901, and o1 August 1, 1901, 
the gauge was traisferred to Jiija, close to the head of the Ripon 
Falls and about 16 kilometres i1orth-west of Luba's. Неге agaii 10 
error has beer introduced iito the series of observatiois, for taking 
the daily readiigs at the time we have : 


Kisumu 
ft. in. ft. in. 
July 29, 1901 2, 2 2. 6 
Luba'sgauge ..4 , 30 , 2, 2 2. 8 
sy Ol 35 2.1 2. 6 
| Aug. l , 2.1 2. 8 
Jinja gauge 4 Wu. X a 2. 1 2. & 
s D 3 2. 1 2. 6 


Thus we have in the Luba's-Ji1ja series of gauge-readiigs a practi- 
cally coiti1uous record from 1st October, 1898, to the preseit time. 
This gauge was however altered in December, 1901, by haviig its 


zero depressed 11 11 ches. 


Ji1ja Eitebbe Kisumu 
ft. in. ft. in. ft. in. 


December 20, 1901 the gauge read 1. 3 3. 6 1. 3 
- 2l ,, is 5 » 2. d 9.6 . 1.3 





Difference.... 0. 10 0. 0 0. О 


The third gauge has had a more chequered career. After readiigs 
were resumed 11 September, 1898 at Port Victoria, they were co1ti1ued 


uitil July 31, 1899. This station was thei closed, aid the gauge 
was traisferred to Port Ugowe (Port Floreice) 01 August 23, 1899. 
This was a move from a comparatively орел situation 1ear the south 
eid of Berkeley Bay to the head of the almost land-locked Kaviroido 
Gulf. The amount of correction which should be applied to all subse- 
queit readings of the Kisumu gauge, 11 order to bring them 11їїо 
accordaice with the Port Victoria readings, can be best deduced by a 
compariso1 of the readings with those of the Luba's gauge before and 
after August, 1899. 
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Ihe lapse of time, viz, 23 days, is coisiderable, and during it we 
find, by refereice to the other two gauges, that the Luba’s gauge 
showed a fall of 102 i1ches, and the Port Alice gauge a fall of 5 i1ches, 
but the latter gauge was 1ot at that time furiishirg a reliable record 
of the lake level, as will be show 1 later. 

After the gauges had been adjusted ол 15 October, 1898, the meat 
readiigs for that moith, 11 ceitimetres, were (see page 47). 


Port Victoria Luba’s Differeice 
cm. cm. cm. 
99 95 +4 


[1 1899 we have the followi1g comparisois of the moithly meais 
11 ceitimetres :— 


Port Victoria Luba's Differeice 


April ... шш жю .. 89 84 + 5 

January ... .. .. 99 94 + 5 С Mean 
June ... . e. ae Ug 93 + 6 +3 ет. 
Pe к мы. oer Gu 82 хб — 4 

н ial mu = 28 H^ 
september... ... ... 9 48 +21 
a BEEN 59 33 +21 ( +20 ст. 
November... ... ... as 35 4-33 


So that a deduction of 17 ceitimetres should be made from the 
moithly meais of the lake level readings recorded o1 the Kisumu 
gauge from August 23, 1899, to bring them iito agreemeit with 
those recorded before that date. 


{ From this date at Port Ugowe (Kisumu). 
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At the eid of September, 1900, the gauge at Port Ugowe (Port 


Floreice) was readiig :— 


1900 ft. in. 
September 29 1 11 
T 30 ... .—. .. l1 11 
October 1 ... ... .. .. l 8 

| 2 axe 1 7 


ә? 


but from the Ist October the readings were at Kisumu, and have con- 
ti1ied to be so dowi to the present date. 

Kisumu is a village o1 the Kaviroido Gulf, but the site of the gauge 
was not altered whe1 the зате of the gauge station was charged. For 
this third gauge therefore there is fairly co1ti1 uous series of observa- 
tions at Port Victoria and the at Port Ugowe, and as we have seen, 
a correction. of 0°17 metre should be applied to all observatiois siice 
August 23, 1899, to bring them lito uiiformity with the previous 
observations. The gauge now used is оле at Port Floreice 1ear the 
railway termi1us. 

Haviig shortly detailed the various chaiges it remaiis to compare 
the readiigs of the three gauges. This is most coivenieitly done by 
plotting the moithly mean of the readiigs of eac gauge (see PlateIV ), 
and the result may be summarized as follows :— 

Throughout 1896 and 1897 the curves of the three gauges, Port 
Alice, Port Victoria and Luba's keep parallel to each other. 

On the September 30 and October 1, 1898, the gauges read :— 


Port Alice Port Victoria Luba’s 


ft. in. ft. in. ft. in. 
September 30 ... ... ... 2 4 o d 1 G 
October 1 ... .. .. ... 3 2 3 2} 3 1 


belig now practically 11 agreement. [1 December, however, the mea 1 
of the Port Alice gauge was 13 ceitimetres above that of Luba's and 
8 ceitimetres above that of Port Victoria. The former differeice 
remaiied fairly coistait uitil August, wher it rapidly 1icreased to 29 
centimetres and by Јал лагу, 1900, it had reached 38 ceitimetres. 

It is uifortuiate that the time when this secoid iicrease of the 
differeice appears (July-August, 1899) is when the Port Victoria 
gauge was moved to Port Ugowe, but as has already bee1 show above 
the deduction of 17 ceitimetres from the Ugowe-Kisumu readiigs 
reduces the moithly meais to those of the Port Victoria readiigs, with 
а probable error of 1 or 2 ceitimetres oily. Thus acoitiiuous curve 
is obtainable with which the fluctuations of Port Alice (Eitebbe) 


gauge сап be compared. These corrected values for Kisumu have been 
plotted and will be see1 to follow the Jinja curve fairly closely from 
August, 1899, to November, 1901. 

During this time the Е цеЪе gauge (up to the time it was destroyed 
11 Jure, 1901) differed coisiderably from the other two, by about 35 
ceitimetres from September, 1899, to October, 1900, and afterwards by 
а less amouit up to February, 1901. 

The most probable ехр]алайол of this is that the laid at Eitebbe 
was si1kiig slightly from about October, 1898, or indeed earlier, siice 
the differeice betwee1 mea: monthly values of the Port Alice (Eitebbe) 
gauge and Luba's gauge was 23 ceitimetres 11 September, 1898, 
although throughout 1896 and 1897 the differeice was but 5 to 10 
ceitimetres. In 1899 the siıkiıg coitiiued, Бело marked betwee. 
August and October, but being o1 a falling gauge it did 10t attract 
atteition. At the eid of 1900 and the early moiths of 1901 a slight 
elevation seems to have occurred, while in May and probably Јоле 
a reiewed siiking took place but the destruction of the gauge reiders 
proof impossible. 

So far it appears that there was o1 the whole a dowiward movement 
of the laid 1ear Kitebbe 11 1898 and 1899, which did 10t affect either 
Napoleoi Gulf or the 1orth-east shore of the lake. 

It appears more thai probable that there was something abiormal 
at Eitebbe in April-May, 1901, si1ce a telegram was received at Cairo 
from Eitebbe reporting a rise of 3ft. 3 in. 11 the lake level 11 six 
moiths* though the other two gauges showed o1ly about 2 feet rise. 

lakiig the moithly meais from page 49 we have 11 ceitimetres:— 


1901 Eitebbe. | Kisumu. | аав. | tebbe— (Е ере 
cui cin cm cm cm. 
Jaluary ë ss o» sù «we es 28 02 35 26 23 
February .. .. .. .. oe 61 31 36 24 25 
March aa ах we x oS сша 11 43 4N 34 20 
бн з э 94 зе ыб д 116 63 ÛÛ 4s 50 
М. se ah шы д в в 153 95 $9 ӘЗ 64 


At this point the gauge at Еее was destroyed. Ап additional 
proof that this rise recorded at Kitebbe does 10t represeit the rise of 
the lake is furiished by Commaider D. Whitehouse, R. N., who,’ 
deiies that it was uiusually highii May 1901, si1ce he poiits out that 
11 November, 1898, it was 16 ft. below a beich-mark at Port Floreice; 


1 Report of Public Works Ministry, Cairo, 1901, р. 170. 
2 A Ве, ог on the Basi» of the О, er Nile. Cairo, 1904. Ауу,» III, р. 35. 
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11 Jaiuary, 1900, the level was low, and 18 ft. 1 inch below the same 
mark; souidiigs o1 the eitraice Пле to the harbour showed the same 
decrease in depth. Ву May, 1901, the level had rise1 to 3ft. 4in. o1 
the gauge, brirgi1g back the level to what it had bee1 11 November, 
1898. Thus an uirusually high lake level was recorded at Enitebbe 
oily. This time the local dowiward movement of the laid occurred 
duriig the 10rmal rise of the lake, and therefore attracted special atte 1 - 
tion, but the similar though larger movement in the autumi of 1899, 
was o1 а falling gauge and, as we have seei, was 10t observed. 

These variations of the EĘıtebbe gauge exteid over several months, 
so that they cannot be explained by local wiid actioi,aidas the differ- 
ences are those betwee the monthly meais of differeit moiths, they 
would 10t be caused by occasio1al seiches. 

Thus of the three gauges, that at Port Alice (Eitebbe) records 
abiormal chaiges of the lake level, which are 10t borie out by the 
readiigs of the other gauges, so that any discussio: of the a11ual 
oscillation of the lake must be based o1 o1e of the others. 

Ihe Port Victoria-Kisumu gauge, as has bee1 related above, was the 
o1eto which the others were adjusted in October, 1898. After August, 
1899, а correction of about 17 ceitimetres (see p. 41) has to be made 
to the readiigs, and they thei follow the Jiija readiigs very closely 
during 1900 and 1901. [h 1902 and 1903 there аге moiths 11 which 
the parallelism betwee1 the Kisumu and Jinja gauges is not mai1tai1ed, 
e.g., the differeice 11 Jure, 1902, is 30 cm., while 11 January, 1903, itis 
oily 5 cm., but throughout this period the Kisumu curve keeps closely 
parallel to the Eitebbe curve. Thus the Port Victoria-Kisumu series 
of lake readings furiish the most reliable series of the three gauges, 
and it will be better, therefore, to study the a11ualoscillatiois o1 this 
gauge, especially as Whitehouse's observatiois show that for two aid 
а half years at least the gauge was certaiily not iiterfered with. 

These divergeices 11 the curve of the Jiija gauge readiigs are 
curious, and perhaps if earth-movemeit is assumed 11 the case of 
Entebbe, the same argument should be applied to the Ji1Ja gauge from 
the eid of 1901 to 1903. It will be see that the Јаја curve from 
November, 1301, to February, 1902, was o1 the whole rising, while those 
of Eitebbe and Kisumu were falliig steadily; again 11 December, 1902, 
Jiija was steady, while E1tebbe and Kisumu were rising, and 11 Feb- 
ruary, 1903, the reverse was the ease. Still it is 10t so marked as i1 
the case of the Eitebbe gauge from 1897-1901. 

From plate IV it will be ѕее that the a11ual oscillation of the lake, 
level, so far as observations exist, varies betwee about 1 and 3 feet, 
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Ihe coiclusiois which may be drawi from this study of the lake 
gauges are the following :— 
1. The gauge records are trustworthy when the 1ecessary correctiois 


have bee applied as above explaiied. 


2. The Eitebbe gauge, though of a very great iiterest in recordiig 
а local abiormal movemeit of the water level, due it is believed to 
local 11termitteit earth movement, is 10t a true record of the oscillatio1 
of the lake level. 
9. Lhe Kisumu gauge does truly record the lake oscillation, but about 
the Jinja gauge there is а slight doubt. 


4. The aiiual oscillation is from 0:30 to 0°90 metres. 


9. The period of the secular oscillation сал 10% be determiied from 


so short a series of observation1s. 


6. Detwee1 1896 and 1902 there has beei a fall of 76 ceitimetres 


11 the average level of the lake, si1ce followed by a rise of 56 cm. 


(. 1878 was a high level period. 
1880-90 was a falling level period. 
1892-95 was a temporary high level period. 


1896-1902 was a falling level period. 


1903 was a rising period, and the level was maiitaiied 11 1904. 
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1896 


January .. 
February . 


March 
A г! . 
May.. 
June . 
July . 
August 
Se 3tember 


October .. 
November. 
December. 
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Kisumu 


1897 


Jarvuary .. 
February . 


March 
А гі! . 
Mav.. 
Juaie.. 
July . 


August .. 


Se ڊ‎ tern ber 


October .. 
November. 
December. 
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STATIONS 


1898 


January .. 
February . 


March 
А гі! А 
Mav.. 
Јале . 
July . 
August . 
Se ڊ‎ temı ber 


October .. 
November. 
December. 


Entebbe 
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STATIONS sTATloNS STATIONS 
"г 2 = 2, TE = = 0 ПАТЕ 2 = до 
pare | 2 | БЕ | ATR | 2 | 3 | 7 2 [212 | 3 
EB 2 fæ -— 25 E = = = 
3 2 2 E E - FA ص‎ 2 - 
1899 1900 1901 
January ..| 1°00) 0:95] 0:90| Jarvuary ..| (77| 0°45| 0°39) January ..| 0°58 0:32|0:35 
February „| 101] 0:91] 0:87| February .Г O°79) 0-45] 0-39] February.) 0*61| . 0°37 (0°36 
March ..| 0:99| 0°89] 0°85 March 0:80; 0:43] 0:38] March 0*71| . 0°4310°48 
A ril 0:99| 0:891 0-83Р April. 0:79| 0°48 0421 A ,ril. 1°16 0*68|0*60 
May 1:04| 0:99| 0-:94[ May.. 0:80| 0:56| 0:45] May. ..| 153| .. | 0*9510*89 
Јале . 1:05| 0'99| O°93] Јале. „| 0:83| 0-23] 0:45| June. .. .. .. | 08310-83 
July 1۰03| 0-82] 0-36] July.. ..f ORG) 0143] O:45|July.. ..| .. |. 06510-68 
August 0:93| 0:57| 0:611 August 0.81| 0737| 0425] August .. ‚ |0-57| O49] .. 
Seytember.| 0:80| 0°52] 0:48 Se,tember.| 0°73) 0°37) 0'38| Se,tember.| .. [ 0°39) 0°42 
October ..f 0:75] 0:42| 0:88 October ..| 0:53| 0:19] 0:24} October ..| 1°18) 0°45) 0:35 
November.! 0:701 0:411 0:3 November.| 0:45, 0:16] 0°16] November | 1°13) 0°33] 0:32 
December .}| 0:71| O°44] 0:35] December.! 0°48; 0:27! 0°26] December.| 1°10] 0°40] O°24] . 
Меал..| 0:917| 0:733| 0°699 Meri.. l 0:722, 0:391| 0°368 Mea 0:508] .. 
STATIONS STATIONS STATIONS 
Ф РА Ф = © ся 
DATE = = DATE 2 = DATE 2 2 
E = = $ = = © = 5 
3 an t 90) 
вы 8 5 | 2 д | 5 | & 
1902 1903 1904 
Jairuary ..| 1°07 | 0:83 | 0°18 [January ..| 1:27 | 0°42 | 0-37 {January ..] 1°75 | 1°10 | 0-85 
February .| 1:03 | 0°39 | 0°16 | February .| 1:33 | 0*68 | 0°43 | February „| 1°75 | 1:09 | 0-88 
March .| 1:03 | 0-37 | 0°16 | March 1°36 | 0*71 | 0*44 | March 1°76 | 1:13 | 0:91] 
Abril.  .| 1:07 | 0°43 .. | Аг. 1°42 | 0:78 | 0:52 | April. 1:30 | 1:28 | 1-02 
May.. ..| 1°20 | 0:54 .. | May.. 1°65 | 1:00 | 0°73 ау. 1°99 | 1°37 | 1°11 
Јале , „| 1:16 | 0 50 | 0:21 | Јале. 1:85 | 1:15 | 0:91 [Jure 1:99 | 1:37 | 1:08 
July . ..| Lell | 0*4 | 0-17 [July . 1°81 | 1:24 | 0°90 [Jul ..| 1:91 | 1:24 | 0:98 
August 1*08 | 0:42 | 0:14 | August 1*81 | 1:14 | 0-01 | August ..| 1°77 | 1°15 | 0°01 
Se)tember | 106 | 0:39 | 0:13 | Se,tember.| 1°76 | 0:98 | 0°93 [Seytember.| 1°73 | 1:12 | 0:85 
October ..| 0:99 | 0:35 | 0°14 [October ..! 1°77 | 1:07 | 0:91 J October ..] 1°62 | 1°03 | 0°77 
Novwember.| 1:03 | 0:37 | 0°16 | November. 1:581 | 1°16 | 0:90 | Nowvember.| 1°64 | 1:03 | 0:78 
December .| 1:23 | 0:30 | 0°27 | Deceniber.| 1°80 | 1°16 | 0:90 | December.) 1 71 | 1:10 | 0:586 
Мела ..] 1*091| 0*112|[0:1172] Mean..| 1:638| 0:958) 07:742 Meni...) 1:793] 1:168| 0:917 








Ihe fourth class, daily oscillatiois, are usually of very small raige. 
All bodies of water are influenced by the attraction of the sui and 
mooi, but the tidal effect o1 inlaid lakes is usually so slight as to be 
demonstrated oily оп the largest lakes and by reüned measurements. 
Lake Michigan which has an area about 25 % larger thai lake 
Victoria has реет showa by the U.S. Lake Survey to have a tide with 
ап amplitude of 14 inches for the 1eap tide, and 3 iiches for the 
spring tide. * That of Lake Victoria has 10t yet beei iivestivated 
with sufficient accuracy to determine its raige. 

Certainly the effect will be masked by the wiid effect caused by the 





1 Russell, “Lakes of North America." Bostoi, 1900, p. 33. 


lake breeze by day and the laid breeze by 1ight, and this will be much 
acceituated in а lorg iarrow gulf like the Kaviroido Gulf at Kisumu. 
Here the gauge shows a daily oscillation which is sometimes very 
marked. 

It comes out also i1 the moithly meais which are given 11 metres 
in the following table: 


KISUMU 


1904 Jan. | Feb. [|March| April | Мау | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 


та. т. ..| 0:85 | 0°88 [0-91 | 1°02 | 1:11 | 1-08 | 0:98 | 0-91 | 0:85 | 0°77 [0-73 | 0O* 86 
4 pim. ..| 1:03 | 1:05 | 1:04 | 1°16 | 1:20 | 1-18 | 1*07 | 1°00 | 0-96 | 0-90 | 0*90 | 1-0] 
Diflere1ice.|4-*18 [4-717 1413 [4-714 [4-709 |+:10 [47709 [4°09 [4°11 [4°13 [47712 | 47125 


Pringle’ says that the maximum rise 11 а day due to wiid and 
heavy rain was about two feet accordiig to зайуе 11Їогтайо1. 

(sedge? 10tes the occurreice of small temporary rises of the lake 
at irregular iitervals, and lasting for an hour or more. Priigle? states 
that he 10ticed a tidal movement of about 15 ceitimetres 11 Каушго1 do 
Gulf, but it is doubtful whether this should тоё rather be attributed 
to wiid action, which o1 the lake is reversed twice daily. 

These pheiomeia are 1aturally acceituated 11 gulfs and lorg 11lets, 
and at Еле фе from Jure to December, 1903, the differeice betwee 1 
the 6 a.m. and 6 p.m observatiois 11 the moithly meai varied from 
— 07-004 to 4-0"*003 oily. 

Similarly Baumaii * says that at Muaiza there was a daily oscilla- 
tion of 30 ceitimetres, and that 11 the Киселі сһал ле] the water was 
0:50 metre lower 11 the moriiig thai at 1001, though 10 such variation 
was 10ticed at Bukoba, o1 an орел shore. 

The fifth class of charges of level, viz., “seiches,” certainly occur 
o1 the Victoria lake, although no precise study of them has yet bee. 
made. Lake waters are affected by chaiges i1 atmospheric pressure, 
and 11 some cases variations of level amouiatiig to some feet have 
occurred 11 calm weather. Forel’ has recorded a rise of as much as 
1:87 metres o1 the Lake of Ge1eva, and on the America: lakes even 
larger onres have beer ioted.® Smaller pulsatiois also occur which 





1 Geog. Jour. Aug., 1893, p. 137. 

2 Proc. Roy. Geog. Soc., 1892, p. 323. 

3 Geog. Jour. Аид. 1893, pp. 189, 137. 

4 “Durch Masailand zur Nilquelle,” p. 42. 

5 “Haidbuch der Ѕее Киз е." Stuttgart. 1901, p. 80. 

6 Е. A. Perkins, “The Seiche in American Lakes.” America: Meteor. Jour., Oct., 1893. 
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аге 10t yet fully uiderstood. It seems probable that the sudden 
variatiois showi occasionally by some of the Victoria lake gauges аге 
of the 1ature of seiches, though the subject ca110t be pursued far at 
preseit, as Ititebbe is the oily station 11 Ugaida where there is a 
barometer. All accounts of the lake, however, meitioi particularly the 
violeit thuiderstorms the water spouts and cloud bursts which are 
experieiced on the lake, and these all evideice large and rapid varia- 
tio1s of atmospheric pressure occurriig locallv. Thus itis 10t surprisiig 
if the gauges show occasionally irregularities of a somewhat coisiderable 
raige. 

From this short study of the oscillatiois of the lake some interesting 
deductions may be drawn. 

Though the rise to the May-Juie maximum is more marked thai 
that due to the November raiis 1evertheless the effect of the latter 1» 
an important оле. If the November rains are feeble the lake level 
coitiiues to fall, though slowly, uitil about April, wher the heavy 
raiis begin and cause the lake to rise rapidly. This rise however is 
followed by a rapid fall, since 11 July, August and September evapo- 
ration is at its maximum; the equatorial rain belt lies further to the 
1orth, aid the dry south-east trade wiids sweep over the lake catchmeit 
База. It will be seer that each year i1 which the November raiis were 
sufficient to cause a rise in the lake, as 11 1900 and 1902, the meaa 
level of the lake in the followii1g year showed an 11сгеаѕе, while 1899 
and 1901, in which the fall of the lake coitiiued irto the following 
year, were succeeded by lower meai levels. For of a give amount of 
water supplied to the lake iı November, December and Jaiuary, a 
much smaller perce1tage 15 lost by evaporatio1 thai there is of a similar 
amount received in the heavy raiis of April and May, which are 
followed by the dry moiths. This is meitioied specially by Lugard, 
quoted above, as beig the case in the winter of 1891, which was followed 
by exceptionally high lake, levels 11 1892. 

Slice i1 the latter part of the rainy season of 1903 the rain was 
exceptionally heavy 11 the Nilotic provinces of Ugaida in the Lake 
Albert Баѕ and o1 the Victoria lake, the average level of the lake 
11 1904 was above that of 1905. 

Taking the average discharge at the Ripou Falls as 575 cubic metres 
per secoid, this will give 49/7 million. cubic metres per day and 1491 
million cubic metres per moith, or 17,925 million cubic metres per 
year. If the area of the lake surface 15 take1 at only 65,000 square 
kilometres, the above discharge will represeit a fall of the lake surface 
of about 22:5 millimetres per morth. Taking the maximum discharge 
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at the Ripoi Falls as 650 metres cube per secoid, correspoidiig to 
the highest level of the lake 11 1903, the fall due to the discharge alore 
would be 25:6 millimetres 11 a morth. If these falls рег morth are 
compared with the fall of the curves after the Jure maximum of 
Plate IV, it will be веет how powerful a factor evaporation is 11 July, 
August and September, 11 that it causes the lake level to fall i1 some 
years much faster thai the above rate, 11 spite of all additiois to the 
lake volume by occasional raiifall and what the tributary rivers are 
briigiig in. 

Except the Kagera the streams flowiig iito the lake are unimpor- 
tait, while the average raiifall o1 the lake surface may be taken at 
1500 mm. yearly, of which some 270 mm. is carried off by the Nile at 
the Ripo falls, leaving a depth of about 1200 mm. of water added 
to the lake besides all that the rivers bring 1n, of which the whole 
ог a large part is removed by evaporation. 

Ihe differeice between the total water added to the lake 11 any year 
and the.sum of the quantity evaporated together with that discharged 
at the Ripon falls is represeited by the differeice betweei the levels 
of the lake at a year's interval, which is givei in the following table 
for the last 8 years, but owing to the wiid action ол the water of 
Кауго1 40 gulf, at the head of which the Port Floreice gauge is situated, 
itis probably more correct to take the differeice betwee the mean level 
of moiths a year apart. 


CHANGE OF LEVEL OF LAKE SURFACE. 


| MEAN LEVEL 7, — MEAN LEVEL 
MEAN January 1 to ! MEAN January 1 to 
December 81 | Jan. to Jan, i December 51 | jan. to Jan.! 
—— mn | omm — | a 
1896... ... ...] —2300 — 260 1901 ... ...| +190 — 140) 
loj. we эы | -(2 | 1902. ... ...| —150 +190 
1898... 4. ЕО | FH | 1908 ПО +60 | +580 
1899... uo uu — 640 — 500 1004 1 ...| — ZO — 120 
1900... ... ..| —200 — 130 
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Ihe priicipal difficulty is to estimate, еуел roughly, the ratio of the 
rui off to the rainfall ол the basin. On the easteri side of the lake 
raiifall is from 700 to 900 mm., probably, and as the rivers rise and 





1 Mean level January, 1896, to телл level January, 1897, etc. 
2 From Ist January, 1897, to 31st December, 1898. 
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This vast sheet of water kiowai as the Victoria Nyaiza or Lake 
Victoria covers an area which is estimated to be about 68,000 square 
kilometres, though no survey of the whole lake has yet bee1 made 
with sufficient accuracy to determiie its area with any precision siice 
its discovery by Speke 11 1862. It has beer recognized as the source 
of supply for the Victoria Nile, though some have maiitaiied the most 
dista1t source of the largest of the lake tributaries as being the actual 
Nile source. Still it is the lake, by pouring its surplus waters over the 
Ripoi Falls, which provides the Victoria Nile with its water, and сол - 
sequeitly the rise and fall of the lake level which directly affects the 
volume supplied to the Nile has always attracted atteitior. But when 
we come to discuss the Victoria Nile and its regimer we shall see that 
local conditiois regulate this varying supply u1til 150 kilometres north 
of the lake its fuictioi as a supplier of the Nile's waters is reduced 
to furiishiig some 550 cubic metres per secoid coistaitly throughout 
the year. Still, as an importait iilaid sheet of water some account 
15 due of its geieral features, and its tributaries. The Victoria lake 
lies at an altitude of 1292 metres above sea level,’ filing a com- 
paratively shallow depressio ол the surface of the.plateau. As a rule 
its shores are low, and еуел where the hills come 1earest to the waters 
edge they rise but 200 to 250 metres at most above it. То the geolog- 
ical structure of this basia are due the long си and bays, and tho 
1umerous islaids which liie the shores, as well as the remarkable 
proximity of the watershed to the 1ortheri shore of the lake, as has 
already beei meitioied. Situated ол the equator, where atmospheric 
coiditiois are specially favourable to violeit thuiderstorms 11 the 
raliy seasois, voyagers o1 the lake are by no means free from daiger, 
and the ca10es of the 1atives closely hug the shore or keep 1ear islands, 
where they can гил for shelter whei a storm threateis. Тһе moithly 
and yearly quaitities of raiifall which supply the lake have been 
already givei, and it remaiis now to coisider the volume furiished by 
the tributary streams, and that discharged at varying levels at the 
Ripoi Falls, while there will still be the least kiow1i and probably the 
most importait factor, evaporation, for which oily the most meagre 
treatmen1t is possible. 

Of the numerous streams which fall into lake Victoria the majority 
are small and uiimportait, having courses of oily a few kilometres in 
leigth ; the larger ores are giver 11 the following table from which 


1 Uganda Railway Survey. 


it will be see1 that золе of them except the Касега are rivers of 
any size: 


NEAR MOUTH 














Altitude 
PLACE of Leigth REMARKS 
Source Width Deyth 
m. km. — ni. m. i 

North Shore: 

Sio a ys 15 30 

Nzoya .. 2200 | 210 80 
East Shore: 

Nyanda 2100 | 11O | .. .. 

Kuya ii 10 20 | .. 

toa. зо e ь а ۰ 3-4 2 

Morl . о e « os b. e о 10-15 2-4 

Mara .. 5 ae 2000 210 | 30-35 is 

Suguti .. 1500 30 4 2 

Ruwana 1400 160 20 1 |Periodically dry. 
South Shore: 

Simiyu.. 1770 | 120 15 3 117 Jan. 1899, Dantz. Often 

Moame.. 1250 60) 25 pi eren 
West Shore: 

Lohungati .. 1500 | 140 

Ruiga .. 1300 | <. T um 

Kagera.. 2200 690 100 10 

Ruisi 1500 190 ; 25 

Katonga 1600 155 à 


Thus it will be see that their sources lie at 10 great altitude, and 
from the moderate size of the whole catchment basia their courses are 
short; moreover to the east of the lake the rainfall is but a very moder- 
ate оле (Shirati about 700 mm.), so that most of the easteri rivers 
run very low, if 10t altogether dry, 11 the dry seasois. I1 other parts 
of the basia the structure of the couitry is agalist any of them 
furiishiig a large supply; they follow the fault valleys betwee1 the 
differeit blocks, which have bee u1equally elevated, and coisequeitly 
they flow 11 valleys of low slope i1 which much of the supply is lost 
in the swamps and shallow lakes filling the valley floors i1 the raivy 
seaso1s; from July to September the basin is swept by the compara- 
tively dry south-east trade wiids (see humidity at Mbarara p. 23), 
which must cause rapid evaporation. It seems very doubtful, therefore, 
if the гит-оЁ can be put much higher thai about 1575 siice the Nzoya 
alore, risiag 11 mouit Elgoi, has а sufficient slope to deliver its waters ` 


11to the lake without heavy loss. This river is described! as flowing 
with a rapid curreit in а bed full of boulders, so that it is unnavi- 
gable, and oily fordable in December, Jaiiary and February, so that 
it would seem that there is 10 summer dry ѕеаѕол 11 Mount оол 
where it rises; but Macdonald states that Моол has two wet and two 
dry seasois, like the lake area. 


Kagera river.—The kagera^ alone 25 a tributary-of amportaice, 
which 11 the rainy seasoi brings a a lar ge supply to the lake. _ Risiig in 
the extreme southeri portio1 of the Nile basin near the aorther e end 
of Lake Tangaiika it follows a northerly course of about 600 kilome- 
tres, Шел turiiig eastward it falls into the lake just north 1 of latitude 
1° S, Crossed first by Speke” a,d Grait! 11 1861 it was followed by 
Starley for some kilometres i1 the middle portion of its course in 
1876 ;* and crossed by him 13 years later iı July, 1889," whei 
кн to the coast with the Emi Pasha Relief н, Since 
thei several expeditions have followed its course or crossed it at 
various points. From Dr. F. Stuhlmann who crossed it with Emi 
Pasha in February 1891 we get certain iiformatioi, as well as 
from the accourt of his returi journey 11 1892.7 In this year also 

О. Baumaii® explored the upper reaches of the Kagera, and 
coisidered the source of the Ruvuvu as Бето that of the maii stream. 
In 1894 Scott Elliot” followed a part of its course. I1 May, 1894, 
Couit von Gétze1” crossed the Kagera леаг its junction with the 
Ruvuvu, and indicated the Nyavarongo as being a more importait 
tributary thai the Ruvuvu and consequeitly the maii source of the 
Kagera, which has siace. beer maintained by Жалаб who fouid it 
about 100 kilometres lo1 ger." 

Amoig the other travellers who have visited this district are 
Неггтал 1, Langheld, Ramsay and von Trotha,” also more receitly the 
officers of the Anglo-German кі commission.” 


1 Hobley, * Geog. Jour." Oct. 1898, p. 362. 
? Fitzner, ^ Der Kagera-Nil." Inaug. Diss. Halle. 1899, 

3 Syeke, “A journaal of the discovery of the source of the Nile.” LoĘidoĘi, 1863, р. 263. 
4 Grait. "A walk across Africa.” Голаол, 1864. 

5 Staley, “Through the Dark Coitirert.” Loidoi 1878, vol. 1, р. 450. 

6 Stailey, “In Darkest Africa." LoĘidoĘ 1890. vol. ii, p. 352. 

7 s Mit Emin Pascha ins Herz von Afrika.” Berlin, 1894. 

8 Baumann, “Durch Masnilind zur Nilquelle," Berlin, 1594. 

9 Scott Elliot “A Naturalist i1 Mid Africa.” Loidoi, 1896. 

19 Von Gótze1, “Durch Afrika von Ost rach West." Berlin, 1895. 

i1 Cay ut Nili," Berlini, 1905, 

4° Von Trotha, * Meire Bereisuig von Deutsch Ostafrika,” Berlin, 1897. 

I3 Delme Radclifle “Geog. Journ", 1905, p. 481. 
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Ihe mountainous ridge which forms the easteri bouidary wall of 
the “rift” valley iı which the Albert Edward, Kivu and Taigaiika 
lakes lie, forms the water-partirg betwee1 these and the Victoria lake 
basii, and the waters of the eastern slope supply the various tributarics 
of the Kagera river system, while those of the westeri slope flow to 
the westeri valley. 

Accordiig to Baumann’ the basin of Luvironza, the most southeri 
tributary of the Ruvuvu river, is separated from the “rift” valley by 
the Kaigosi Hills (1970 m.). From here the water-parti1g appears to 
have a 1orth-easterly direction until it intersects the Uyogoma district 
betweei Каропогаз village and Ruseigo, leaving to the east a barren 
hilly district draiiiig partly to the Malagarisiriver and Lake Ta1ganika, 
partly to the Lohugati and Кира rivers to Lake Victoria. The wester1 
portioi, a plateau with narrow deeply eroded valleys’ drains to the 
Kagera. From here it turns northward and thei eastward passiig 
betwee1 the Urigi lake and the Виса river until it almost reaches the 
Victoria lake, to which .it now ruis parallel uitil the mouth of the 
Kagera is reached? 11 latitude 0° 58’ S. The westeri limits of the 
Kagera basin are formed by the Ruampara hills 11 Mpororo. 

On the ridge which eicloses Lake Taigaiika on its easteri side, 11 
latitude 2° 55' 5, and o1 the flanks of a hill named Міѕѕоѕ ya Mwesi, 
Baumaii‘ found the source of the Ruvuvu ол September 19, 1892. 
From this point it flows at first eastwards for about 100 kilometres, 
whei it turis to the iorth. At about 220 kilometres from its 
sources the combiied streams of the Akanyaru and the Nyavarongo 
011 it ata ponit of which the altitude is giver as 1330 metres above 
sea level from von Gitze1’s hypsometric determinations. From this 
polit it now flows iorthwards for 190 kilometres through a wide 
valley mostly occupied by swamps and shallow lakes as far as lati- 
tude 1° 5' S. ; in this distaice the fall is very slight, but greater slope 
and higher velocity occur betwee this point and Kitangule beyoid which 
it meaiders through a level flood plain to the lake. The whole course 
of the river from its source to its mouth is about 600 kilometres." 

Commeiciig as two small streams scarcely half a metre wide, at an 
altitude of about 2120 metres, 11 a small rather swampy valley lying 
betwee steep grass slopes, the Ruvuvu воо1 11сгедзез as it receives 





Tirra зин... 


1 Durch Masailand p. 98. cf. Fitzier p. 8-10. 
2 Baumann, “ Durch Masailand zur Nilquelle," p. 77. 
3 Stuhlmann, Mit Emin Pasha, p. 168, 

4 Baumann, рр. $8, 145. 

5 See jage 6. 





1umerous small streams, and a day's march dow: the valley it is а 
rapidly flowing brook 5 metres wide. Baumann’ crossed it lower 
dow1 some 132 kilometres from the source 11 lat. 2° 50' S. and gives 
the altitude as 1440 metres, which would give a fall of about 5:9 metres 
per kilometre. Неге at the begi1iing of September it was a broad 
river with grey-browa waves which rolled betweei high baiks covered 
with rich vegetation. 

Though it was 11 the driest seaso1, and at an u1usually low level, 
he fouid it to be 35 metres wide and 3 metres deep, flowing rapidly ; 
the baiks were 3 metres high, aid the flood marks clearly showed that 
they were topped 11 the галу season. From this point it appears to 
flow іл а well defined valley and 11 about lat. 2° 28’ S. is joined by the 
Akanyaru river ол the left baik. This tributary was crossed by 
Baumaii?’ at two poiits 11 about lat. 2? 50’ 5.; at the lower poiat it 
was 11 two arms, oie 10 metres wide and 5 metres deep, the other 5 
metres wide and 1 metre deep, flowiig slowly. At the upper crossing 
it was oily a rapid hill stream, easily fordable. 

While Baumaii claimed to have reached the real sources of the 
Nile at those of the Ruvuvu i1 the mouitaiis north east of Lake 
Taigaiika, where its tributaries, the Luvironza and the Muverasi, 
also rise, others maiitaii that the Kagera coitiiues upstream of the 
Ruvuvu and Ramsay fouid the Nyavarongo to be the upper portion 
of the Kagera. This stream rises 11 the hill kuruhehe o1 the wester 1 
bouidary of Uruidi, but the exact source is still uicertaii. From 
here it flows 1orth the: east and thei south rouid the ша hill 
гале, to be joined by the Akanyaru to form the Kagera. 

The Nyavarongo-Kagera up to ће poiit where the Ruvuvu joiis it 
is about 300 kilometres loig. 

The Nyavarongo where crossed by Couit voi Gótzei 11 May 1894 
was 40 metres wide, 4-5 metres deep and had а rapid curreit; this 
would give a discharge of about 400 cubic metres per secoid. 

At its Juıctioı with the Akanyaru, the Nyavarongo was 11 March, 
1897, 43 metres wide, 1°75 to 3°75 deep with a slight curreit, thus 
haviig a discharge of about 40 or 50 cubic metres per second.” 

The Ruvuvu at the Ruanilo ford (1410 metres) is said by Daumaa л, 
September, 1892, to be 35 metres wide, 3 metres deep, and rapid; 
say 250 cubic metres per secoid; while, at its juictior with the 


| Loc. cit. p. 146. 
2 Loc. cit. pp. 83, 146. 
з “Ex sedition тлей Ruanda.” Yerh. Ges. f. Erdkunde, Berlia, 1898, p. 312. 
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Kagera, it was measured by Ramsay, March, 1897, with the following 
results:— 


Width ... ... 20 metres 
E FI as 
Velocity... ... 092 ,, per second 


giviig a discharge of about 150 cubic metres per secoid. 

From this juiction point the Kagera flows 1orthwards 11 its wide 
north and south valley for a distaice of some 170 kilometres falling 
from 1330 to 1310 metres т this distaice. Throughout this part of 
its course it flows 11 a wide marshy valley which it partly submerges 
11 times of flood; its breadth is give: as from 2 to 15 kilometres, and 
possibly at flood stage it is 11 correction with the lakes Ihemi, and 
Kasingeni which lie 11 depressiois opeiing 01 to the valley. 

At Latoma the Kagera turis abruptly to the right and flows about 
100 kilometres 11 a valley 15 to 20 kilometres broad and bouided by 
high hills as far as kitangule; 11 the upper part betwee1 Latoma and 
K\itoboko are 1umerous rapids accordiig to Laigfeld. Below Kitan- 
gule it flows through a level alluvial plai, iato which it has deeply 
cut its chainel leaving banks 20 metres high which reduce gradually 
11 height as the lake is approached.’ 

At Latoma in August, 1894, as measured by Scott Elliot the water 
chaiiel was 36:5 metres wide, very deep and flowing 1 metre per 
secoid. If the depth were 8 metres this would give about 300 cubic 
metres per secoid. At hitangule the breadth is give аз 60-70 metres, 
depth 9-11 metres, and the velocity 1:5 to 2 metres per secoid for the 
period February to April. These data vive a minimum discharge of 
600 cubic metres per secoid and à maximum of 1500 cubic metres per 
seco1d. 

At the mouth 11 October, 1892, Couit von Schweinitz gives 


Width ... .. .. .. SO-100. metres 
as dde "rm 10-12 - 
Velocity... ... ... ... rapid. 


If this last is take at 1°5 metre per secoid the discharge will be 
about 1500 cubic metres per secoid. The approximate leigth of the 
Kagera, from the juictioi of the Ruvuvu to the Victoria lake, is about 
390 kilometres. 

In the rainy seaso1 of 1891, at the Бес11 1115 of April, Stuhlmann” 
crossed the Kagera i1 lat. 1° 3 5. at Kavingo, and fouid it 50-60 metres 
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L Von Schweinitz, * Deutsch Ostafrika i» Krieg uid Frieden.” 
3 Mit Emin Pascha ins Herz von Afrika, Berlin, 1894, p. 247-9. 


wide and very deep. Its yellow water flowed rapidly betwee belts 
of papyrus which lined the baiks. The level of this pont he states 
to be but little above that of the Victoria lake. 

On July 26, 1889, 11 the dry seasoi, Starley’ crossed it rather 
below this point, aid describes it as 110 metres wide, 2^7 metres 11 
average depth, and flowing with a velocity of 0:5 metres per secoid, 
which would give a discharge of about 150 cubic metres per secoid. 

11 the middle of the rainy season of 1892, Stuhlmann?’ crossed the 
Kagera at the village of Kayusa rather above Kavingo. Jt was here 
40 metres wide 11 its орел part, but on each kaik there was a fringe 
of papyrus 60 metres wide and Nymphszea, Stratiotes, waterlilies, 
Chara, Utricularia, Atrolla, were collected there. It flows through an 
opei valley, which becomes swampy near the river. 

At Kitangulé about 60 kilometres from where it flows iito the lake 
Stuhlmann crossed it 11 February 1891, and fouid it 60 metres 
broad and several metres deep, flowing through a level grass plaia in 
which it had cut its bed so as to leave baiks of grey saidy clay 10-15 
metres high. А thin layer of white iifusorial earth appeared to 
11dicate a former exteisior of the lake. A belt of high papyrus li1ea 
the barks. 

Speke crossed at this poiat o1 16th January, 1862, and describes it 
as 70 metres wide, suik to a coisiderable depth below the surface of 
the laid, and flowing with a velocity of 1'0 metre to 0°75 metre per 
second. 

In Jaiuary, 1891, Stuhlmann’ noted that the Kagera flowed i1to 
the lake latitude 0° 58' S by three arms, of which the largest was 100 
metres wide; at the mouth of each was a coisiderable bar ол which 
the water was so shallow that а ca1oe could 10% cross it, showing that 
11 flood the river brings dowi а coisiderable amouit of material in 
505рел $101. 

It has Беел maiitaiied" that the Kagera is the actual upper course 
of the Nile, and that before the subsideice took lace which formed 
lake Victoria, the Kagera flowed betweei the Sesse Islaids and the 
westeri shore, ел skirted the preseit iorther1 shore by Rosebery 
Chaiiel to Napoleon Gulf to join the Nile at the Крол Falls; a 
distinct curreitis also meitioied as settirg across from the Касега, to 


1 In Darkest Africa, II, p. 353. 

? Loc. cit, p. 661. 

3 Loc. cit., p. 220. 

i Jourial of the discovery of the source of the Nile, p. 222. 
5 loc. cit., p. 168. 

6 Johiston. “Lhe Nile Quest,", Lodo, 1904, pp. 266, 302. 
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The Victoria Nile. — The Victoria Nile ол leaving-the Ripon 
falls flows dowa the reverse slope of the ridge which forms tbe-north- 
eri shore of the Victoria lake, 11 a series of falls апа rapids until 
kakoji is reached, а distaice of some 65 kilometres ; beyoid this the 
river eiters а low-lyiig tract betwee1 this ridge and the risi1g groüid 
of Shuli province. This area has the appearaice of.beng а trough 
betwee two orographic blocks similar to that 11 which the-hagera 
forms its wide swamps, and here lie the shallow lakes—of_Choga, 
Клара аһа the wide mouth of the river Seziwa. _ The variation of 
the discharge at the Ripoi falls 11 a year such as 1903 varies about 
10 % o1 either side of the mea1 amount but such a variation can have 
10 effect o1 the area of lake Choga.' This area of орел water mea- 
sured ол the map 1х about 2900 square kilometres, so that a rise of еуел 
1 ceitimetre a day would meai an addition of about 330 cubic metres 
per secoid without taki1g evaporation 11to account. 

Its altitude has beei givei as 1010 metres above sea level but this 
would seem to be somewhat low; Mruli has been give as 1070 metres 
and Foweira as 1060 metres, but where the differeices of level are so 
small, isolated hypsometric ог aieroid determinations are not reliable. 
The whole reach from Kakoji to Foweira is a flat basin, and the slope 
must be extremely small, so that the differeice of 10 metres betwee. 
Mruli and Foweira over a distaice of 72 kilometres, which would 
correspoid to a slope of 1 11 7,200, must be too great; probably 5 
metres is as much as should be allowed, and if l'oweira is takei provi- 
sionally as 1060 metres, Mruli and Lake Choga should 10t thei be 
more thai 1065 metres, giviig a fall of about 64 metres from the 
Victoria lake to Nakoji. 

Lake Choga’ is a shallow sheet of water, the depth varyiig from 
4 to 9 metres, with low marshy shores ; the rivers which draia into it 
erter at the head of wide gulfs, which are rather arms of the lake than 
true river chaiiels. Groups of bills occur at one or two poiits rising 
from 100 to 400 metres above the lake, but generally the couitry 
betwee1 lake Victoria and lake Choga is very flat and closely wooded 
o1 the right baik of the Nile, becomi1g somewhat hilly 11 the souther 1 
portion, леаг the Victo:ia lake; o1 the left baik lies the flat 
wooded couitry of Ugaida, part drainiig to lake Choga, and the 
westeri portion to the Kafu river which joiis the Nile at Mruli 
Throughout this part the regular 1orthward slope of the couitry is 


1 Re,ort on the Basin of the U) yer Nile, p. 7З. 
2 \aıdeleur. Geog. Jouri, Ayril 1897, p. 390. 
3 Kirkpatrick. Geog. Journ., Abril 1899, 
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well showa by the direction of the streams, which has probably beei 
determiied as suggested (p. 19) by the tilting of this block of couitry 
to form the Victoria lake. 

The Kafu joins the Nile at Mruli, having riser i1 the hills south of 
Honna and flowed 11 а 10rth-easterly direction to Mruli receiving the 
Kitumbui, Maanja, Lugogo and Dubenge on jts right bark, and a 
1umber of short streams cn the left bank. Near its source it is a clear 
rapid stream with marked periodicity as far as Barawana, 66 kilometres, 
but soo after passing this point, where the Kampala road crosses it 
south of Hoima, it enters a level plaji and flows as a steady stream 
with deise brakes of papyrus on either bank, while swamps are 
formed i1 low-lying ground by its tributaries where they join it. It is 
about 30 metres wide at Mruli, 85 kilometres from Barawaia, where it 
Joins the Nile after a total course of 150 kilometres, and adds a volume 
of water which probably varies but little since in the lower reaches the 
Каи shows no marked rise 11 flood. 

The same holds good for the Nile itself between Mruli and Foweira 
where the water-level hardly rises еуел in the rainy season. We have 
зеет that the volume of water discharged from the Victoria lake at 
the Ripoi falls varies from moith to moith and from year to year, 
according to the level of the lake ; this water flows down the Victoria 
Nile into lake Choga, where these variatiois have but a very small 
effect o1 the large water surface, and coisequeitly the supply of the 
Victoria Nile at Mruli oily varies within. very iarrow limits, while 
that of the Kafu does the same. Between Mruli and Foweira the 
Nile flows as a broad and deep stream with a steady but 10t rapid 
curreit ; it is free from said barks siice the material taken up 11 the 
upper reaches has bee: deposited 11 lake Choga. In breadth it varies 
usually from 270 to 3€0 metres but in places, as at Mruli where the 
КаЁа Joins it, it reaches 700 metres. From Mruli to Koki a distaice 
of 20 kilometers the solid low bank is thickly fringed with papyrus 
which does 10t however exteid inlaid, except at the mouth of the Titi 
river, where there are low marshes for about 100 metres from the 
river. Beyoid koki the barik is higher being from half à metre to a 
metre 11 height. The right barik is for the most part high and solid, 
papyrus oily occurring 11 places, and the couitry is geierally орел 
and park-like, with here and there patches of thick forest. The water 
level is very coistant, the rise betweei the wet and dry seasois beng 
very small; some flooding occurs 11 the raiis where tributary streams 
join, but this is of small extet. The Titi is the priicipal stream 
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i Communicated by Ca tain В. Owe. 


o1 the left barik while ол the right there are the Kola, Lerga, and 
loshi rivers. 

It follows therefore that the effect of lake Victoria and its basia ол 
the supply of the Nile is to furiish between Mruli and Foweira a 
volume which varies but little from its meai value either from mouth 
to moith or from year to year; also this amouit is probably about 
550 or 600 cubic metres per secoid, this бело the volume measured 
below the Murchison falls ол March 20, 1903! the eid of the dry 
season whei the tributaries which Join the Nile between loweira and 
the falls are dry. High or low lake levels, wet or dry seasois, ca110t 
alter this quaitity appreciably, siice the level of the vast low-lying 
area occupied by lake Choga, its marshes, and the other lakes which join 
it, oily varies within very narrow limits; we may say, with some co1- 
fidence, uitil actual measurements are available, that the discharge of 
the Victoria Nile above Mruli closely approximates to 570 cubic metres 
рег secoid with a variation of perhaps 50 above and below this value, 
and this value represeits the part played by the Victoria lake, its basi, 
and its raiifall 11 supplying the Nile. At Комета (1060 metres) 
274 kilometres from the Riyon falls, the Nile turis sharply westwards 
and as a stroig stream 450 metres wide dashes dowi the karuma 
falls and thei flows in а successio of rapids and орел reaches till 
the Murchisoi falls are reached. 

To the west of this Mruli—Foweira beid the couitry is low and 
uidulatiag 11 character, and Mouit Fumbi (1400 metres) may be 
called the ceitre of dispersion for the drainage of Unyoro as it is the 
highest point of the SW. to N E. ridge o1 which are Hoima and Masiidi 
and which ruis parallel to the Albert lake, dividing the draiiage 
which flows to that lake from that which flows to the Ка river and 
the Nile. The rock of this part of the couitry seems to be the 
агсһаеал graiite ог graiitoid greiss, formiig ridges and isolated hills 
which project above the flat alluvial plaias of the couitry,* where 
a few streams of small importaice flow to the Victoria Nile. 

At Foweira the Lerga ара the Dukhi rivers join the Victoria Nile 
o1 the right baik, and further dowi several others come 11 from the 
iorth. All these right-baik streams come from the high grouid of 
Acholi, and must add largely to the volume of the Nile i1 the газу 
seaso1; their effect is зеел 11 the said baiks which occur 11 the 
bed of the stream below the Murchiso1 falls” and the delta which is 


! A report on the Basin of the Uy er Nile, р. 75. 
* Vaideleur, loc. cit., p. 374. 
3 Reyort on the Basin of the U) yer Nile, p. 75. 
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forming iear Maguigo where it eiters the Albert lake. Siice all 
suspeided matter up-stream of Mruli is deposited 11 lake Choga, all 
that accumulates below the Murchisoi falls must have bee: derived 
from its bed between these falls and Комета, or have бее brought i1 
by the right baik tributaries. 

The Murchison falls, first see1 by Sir Samuel Baker,’ are about 44 
metres 11 height;* the river 1arrows to 70 metres broad and finally 
rushes through a 1arrow gorge iito the valley below. Of these falls 
Mr. Betto1 writes as follows :—" 

"Close to Fajao are two isolated masses of biotite gieiss, and 
uidoubtedly the river, which is here coifiied in a deep canoi, has 
carved its way eastward for one-and a-half miles to the present falls, 
leaving these masses as ‘witnesses.’ 

“Arriving at the 200 foot basin 1140 which the fall takes its final 
pluige, ore 10tices how the coistait spray from the falls, asceidiig 11 
clouds like steam, allows the luxuriait vegetation to grow over eve) 
the vertical cliffs surrouiding the Бал ол three sides, except where 
the soft mica schist has caved 11 by weathering. А double raiibow 
added to the beauty of the scere, but the 1ear view of the falls is 
distiictly disappoiiting. 

“The peculiar 11termitte1t roar could now be accouited for; a mass 
of water tumbling headloig iito the pool is immediately followed by 
an e1ormous brokei wave, thei comes а lull, and the process is repeated. 
As this pheiomeio1 was inexplicable from below, I suggested that а 
climb to the top of the falls was advisable ; and after much discussion 
our Nubi guide extracted from an airily clad Mnvoro the i1formatioi 
that a track did exist to the top of the south cliff. 

“It proved to be a most trying 200-feet climb up a steep slope covered 
with deise grass, and it could oily have beeı made by an e1ergetic 
European. A short dowiward scramble led to a rock plateau with 
potholes, the largest of which was 15 feet diameter and 10 feet deep, 
filled with water, marking the level of the former bed of the river 
whe it swirled rouid a mass of gneiss 11 its centre. [his bene 
gradually змог away 01 the south side, appareitly exposed a softer 
veii, and the river Ваз сиё its way through i1 a deep vertical cleft from 
20 to 30 feet wide, and of uikiowni depth. А well-kiow1i officer in the 
Ugaida Rifles whom I met two days later, informed me that he had 
measured the 1arrowest portio1 accessible, and fouid it only 18 feet wide. 








— — 





| Jour. В. Geog. Soc. 1866. p. 1-18. 
2 Ве, огё on the Uy per Nile, p. 71-5. 
3 Nature. изе 19, 1902, р. 188, 
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“Now the Nile above this is a succession of falls, and, after a sharp 
реза to the 1orth-west, turis again west when it is 200 feet wide aid, 
eradually 1arrowing, tumbles 10 feet over a rock ridge spaiiiig the 
river, and the» over a 5 foot ridge. For 50 feet it rushes with increas- 
11g velocity and finally eiters the extraordinary cleft. Down this, for 
150 fect, the river 'slithers, a solid mass of water, as if through a 
sluice.  Suddeily it meets with an obstruction, a harder layer of 
gieiss through which 11 undercutting its way, with terrific force 
strikes this, and rebouids, sometimes with a huge shower of spray. 
Meaiwhile the body of water behind has to fiad an outlet, aid, still 
confined between high walls, is forced over the ridge with irresistible 
force ere, 250 feet further on, it tumbles over the last fall i1to the 
large basia. below, and the back wave now a vast boiling mass, 
follows hard after it. This explaiis the peculiar souid of this fall." 

A kilometre and a half dowi stream of the Murchisoi Falls is the 
post of Fajao where there is a ferry across the river. At this poiat there 
is said to be 10 rise of the water level throughout the year ; huts o1 a 
low saidy flat oily 0°4 to 0:5 metre above the water, can be occupied 
throughout the year, and the rope, posts, ete., of the ferry 1ever 
require to be moved. The slope is fairly steep and the river flows 
with a high velocity. The volume discharged was measured o1 March 
20, 1903’ at a poiit about 10 kilometres below Еајао and 22 kilometres 
from the lake, which gave the following result: (Plate VI. fig. 2). 


Width ... ... 307 metres Mean velocity 0*645 metre per second. 
Maximum depth £5 , - Sectional area 894'4 square metres. 
Meai depth ... 258 , Discharge 577 cubic metres per second. 


From this the slope of the water surface was computed to be 1 11 
18,500. Marks of a higher water-level o1e metre above the level at 
that date were 1oticed but it is certain that this was much more due 
to the variatio of the lake level thai to the flood rise of the river, and 
coisequeitly the discharge table derived from this discharge is uireliable, 
as it is assumed that all rise of the water level is due to an 11creased 
volume of water coming over the Murchiso1 Falls, and the rise of the 
lake 15 10t sufficiently allowed for. When the discharge was measured 
it may be said with coisiderable accuracy that the volume of water 
passiag over the falls was at its minimum; the coistait discharge of 
the Mruli-loweira reach was 10t being iicreased siice the raiis 11 the 
Acholi bills to the 1orth of the river had 10t begui. By December 


{ А report on the Basin of the U) er Nile, р. 75, and Plan VIII. d. 
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an орет plaia? covered with euphorbias, acacias, clumps of trees and 
yellow sunscorched grass; close to the lake it is a flat treeless plain 
exteidiig up to the foot of the westeri hills which rise steeply some 
18 kilometres beyoid the village of Vichumbi; this plain eds 11 the 
belt of dark greei reeds which fringe the lake almost everywhere. 

Aloig the westeri shore the steep hill-slopes, which reach a height of 
from 300 to 500 metres and 11 places 600 to 900 metres above the surface 
of the lake, come very close to the shore so that there 1s sometimes 
oily a space of a few metres broad between the foot of the hills and the 
lake, and at some points 1t 15 necessary to climb over the spurs which 
project into the water or to wade rouid them. Оет whe the 
mountain torreits аге i1 flood the laid track is impassable, and the oily 
meais of communicatio is Бу сазоеѕ. Tothe iorth-west of the lake the 
westeri wall of the rift valley exteids 1orthwards, e1closiig the Semliki 
valley, and a grass plain exteids for from 15 to 20 kilometres to the first 
low foothills of the great Ihuweizori raige. Moore writes “a fringe of 
swamps borders all the 10rtheri shore and close to а low reed-covered 
promoitory at the westeri eid of it is the outflow of the Semliki 
river. Beyoid (7. е. to the east of) this efflueit the coast agai1 closes 
11 to the orth as а swamp. There were low beaches of yellow said 
over which the surf broke in eidless lies of foam, and beyond these, 
reeds and trees sta1diig 11 clumps, trees falle this way and that, and 
trees half submerged 11 still pools of gleamiig water, which stretches 
away amoig their rottiig stems. After travelling 11 this way for two 
days through eidless sheets of water and morass, where it was often 
impossible to tell where the swamp eided and the lake begai, the 
coast beit to the south and we were within оле day's (ca10e) jouriey 
of Fort George." Оп the east side of the lake the hill slopes of the 
plateau keep from 5 to 10 kilometres from the lake as far as latitude 
0? 30’ S. and ел maiitai a southerly direction towards lake Kivu. 
The shore of the lake is 11 this part flat, sparsely populated and without 
interest. Several streams iitersect this plain and flow iito the lake, 
of which the margi1 is low and swampy, usually fringedwith a belt of 
reeds more or less wide. The water is shallow, Бело but 5 metres 
deep at a distaice of a kilometre and a half from the shore леаг 
Katwe accordiig to Stanley. 


Climate.-—Except some raiifall observatiois at Fort Portal, 1orth- 
east of Ruweizorl, 10 meteorological data exist for this part but it may 
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i Moore, loc. cit. р. 255 and p. 266. 


be assumed that the climate is much the same as that of the АзКой 
district except 1ear the mouitain галосе where the raiifall is probably 
much heavier. The vegetation at the south eid of the Ruweizori 
range is said however to indicate but a moderate rainfall. * 

Ihe run-off is carried to the lake by 1umerous streams, 101e of 
which are of any great size or importance, but the priicipal o1esare:— 

On the south: 

Ruenda," 5-6 metres wide, 1 metre deep and flowiig rapidly 11 
May 1891. 

Ruchuru, 50-60 metres wide, 1 metre deep with a slow curreit? 11 
May 1891, while Moore? i1 February 1900 describes it as “а mighty 
stream of muddy yellow water as wide as the Thames at Westminster 
aid whirliig 11 eddies aid rapids away to the тог.” 

On the west are oily small torreits with deeply eroded beds which 
course dow the steeply slopiig raviies which they have cut 11 the 
cliffs of the westeri plateau. On the orth is the only effluent, the 
Issango or Semliki (see p. 68). The easteri side coitributes a few 
small streams oily 01 account of the neariess of the Aikoli plateau 
but the Dueru lake receives from the slopes of Ruweizori rear Fort 
Edward five mouitaii torreits ол its westeri shore which are impass- 
able whei 11 flood, while o1 the easter1 there are the combiied streams 
of Nasongi and Dura, as well as the larger river of Mpaigo; this latter 
is said by Lugard* to supply probably à larger volume of water thai 
that carried off by the Semliki. Its headwaters lie 11 the ieigh- 
bourhood of Port Portal." 


Change of level.—There are indications of a receit charge of 
level 11 the Albert Edward lake similar to those which are met with 1n 
most other lakes 11 this part of Africa. As Moore? points out, the 
comparatively receit volcaiic out-burst which has cut off lake Kivu 
from the rift valley to the 1orth, has coisiderably reduced the supply 
of water flowing to the Albert Edward and Albert lakes compared to 
what there was 11 earlier times before the chaiges of level occurred 
which were due to the resulting earth movements ; besides which there 
are the periodic variatiois of level which are probably due to varying 


i Johistor. “The Uganda Protectorate” Loudon, 1902, vol. І, р. 142. 
2 Stuhlmaa 1, loc. cit., p. 265. 
3 “The Mouitaiis of the Noon,” p.255. 
4 Proc. В. Geog. Soc. 1892, p. 837. 
5 For fuller details of the rivers on the east of the Ruwenzori raige, see “А Rejort on the U) per 
Nile," p. 48 ff. 
6 Loc. cit. p. 222-4. 
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meteorological coiditiois, similar to those of the Victoria lake which 
have beer discussed. 

On the iorth and east sides of the lake, up to an altitude of 
100 metres above its preseit level, there is a series of well marked 
shore lines! which оцИпе the former limits of the lake; these sweep 
rouid the southeri flaiks of the Ruweizori галосе iato the Semliki 
valley where a barrier must o1ce have retained the waters of the lake. 
Uitil this valley is more accurately kiow1 it is difficult to speak more 
precisely as to the 1ature of this dam. 

Stuhlmann” records a layer of shells on the plain west of Vichumbi 
ore metre thick and at an estimated height of 8 metres above the 
preseit level of the lake. The i1habitasts of Vichumbi also possessed 
a tradition that 11 the days of their fore-fathers their village was 
situated at the foot of the hills. 

As regards periodic oscillations Stuhlmann was told that the inhab- 
itants of the small promontory of Kisira at the south eid of the lake are 
driver out by their laid being flooded every 6 or 7 years. Whena he 
revisited the spot 11 1892, a year later thai when he first reached it 
(May 1891) the lake appeared to be 20 to 30 ceitimetres lower, but 
any weakiess 11 the November-December raiis ог lateiess 11 the 
spriag ralis would account for this. 

This observation appears to be the 1earest approach at preseit to a 
record of the a11ual rise and fall of the lake, which doubtless has also 
its periods of higher and lower level as we have seen i1 the case of lake 
Victoria, aid siice the cause is meteorological all these equatorial lakes 
will vary similarly and at the same time. I1 February, 1903, whei Sir 
William Garstin visited lake Albert Edward the Victoria lake had rise 
but shghtly above its lowest level of receit years, so that the shore 
line markiig the limits of the lake оле to two metres higher thai 1t 
then was" may mark the raige of the lake level at the preseit time. 

By the eid of 1904, like all these Jakes, it was probably a metre 
higher at least. This geieral rise was due to the rains of 1903 and 
1904 and lake Rukwa, which about 1896 was almost dry, is now full 


agali.* 


The Semliki River.— [he Semliki river takes the surplus water 
of the Albert Edward lake and flowing northwards 11 the valley to the 








і А Reyort on the U) yer Nile, p.41. 

? “Mit Emin Pascha ins Herz von Afrika, p.269. 
3 A Reyort on the Uy yer Nile, р. 33. 

4 Globus, vol. 87, No 5, p. 84. 


west of the Ruweizori raige receives the draiiage of its westeri slope 
as well as that from the western side of the valley ; it reaches the south- 
eri eid of the Albert lake after a course of about 260 kilometres of 
which the greater part has 10t yet bee1 mapped, so that this length 15 
oily approximate. Like most ceitral Africai rivers it is kiowa by 
differeit names to the differeit tribes 01 its baiks; Stanley called it 
the Semliki whei he reached the iortheri eid of it 1ear the Albert 
lake, Stuhlmann found it kiowa as the Issango ол the west baik 1ear 
the Albert Edward lake, while at Katwe it is kiowi as Kakunda;! 
lower dowi Kabibi, Ituri and Nausa are also used. ? 

Ihe breadth of the mai: valley betwee1 the steep slopes which divide 
it 01 the west from the Солго basii and the foot hills of the Ruwenzori 
range is from 20 to 30 kilometres, in the ceitre of which flows the 
Semliki 11 the 1arrow valley 1 to 2 kilometres wide which it has carved 
for itself i1 the alluvial deposits which cover the floor of the larger 
valley. This valley is wooded near the foot of the hills,and the 1umer- 
ous streams flow rapidly dowi their wooded raviies to join the талл 
stream. About 75 kilometres from the head 1ear Fort Mbeii the 
Semliki eiters а part of the great Coigo forest and little is Клот of 
its course uitil it emerges from it at the commeicemeit of the level 
plains of the Albert lake. 

Besides Stailey * i1 Мау 1889 the valley was traversed by Lugard ‘ 
11 1891 and also by Stuhlmann in the same year’; Scott Elliot ^ 
marched rouid the southeri eid of the Ruwenzori гал ge and asceided 
it from the western side to a height of 3100 metres while Stuhlmann’s 
highest point was about 4,060 metres. 

Where travel is so difficult and the forest growth hiiders all detailed 
work, ample hydrographie material ca1iot be expected. The rainfall 
has bee1 measured at Fort Portal (to the 10rth-east of the Ruweı zori 
raige) for about 3 years and amounts to about 1500 mm. yearly (see 
p. 31,) but this сал 10% be take: as represeiting the amount which falls 
o1 the lower slopes of the Semliki valley, where i1 the forested parts the 
rain probably falls throughout the year. Still the vegetation appears 
to absorb the greater part of it at олсе and 11 spite of the numerous 
tributaries (25 being show1 o1 the right bank.and 47 o1 the left baik 


1 Ве. огё on the U) yer Nile, p. 67. 

2 Stuhlmann. 

3 [1 darkest Africa, vol. Пр. 236-264. 

4 Proc. Roy. Geog. Кос. 1892, Dec., p. 836. 
5 * Mit Emin Pascha ins Herz vou Afrika." 
6 А Naturalist i1 Mid-Africa, p. 90 
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on Moisel's map), some of which are fed by the siow-fields and gla- 
ciers, the final discharge of the river into the Albert lake is oily 
about 125 cubic metres per secoid 11 the dry season. The oily two 
accurately measured discharges were takei 11 the dry seasoi of 1903. ! 


(see Plate VI). 





Mean Section Mean 
PLACE Date Width : Discharge 
de yth aren velocity 


m. n. nm? п.р.8. in?.p.8. 


Near Lake 
Albert Edward  ...| 18 Feb. 100 1°35 130 0,695 90 


50 km. "o of 
Lake Albert ... ...|4 March 68 1°90 121 0*960 116 


Ihe data furnished by travellers are imperfect, so that the volume 
discharged at other seasois cai oily be roughly estimated. 

At about 50 kilometres dowi-stream to the SW. of е main mass 
of Ruweizori, Stuhlmann’? fouid the Semliki i1 Jure 1891 at 
Mkorongo flowing in a bed eroded to a depth of 6 to 10 metres i1 the 
alluvium but Бето here too deep to ford he crossed it 3 kilometres 
lower dowĘ1 where it was 60 metres wide, 1:25 metres deep, and its light 
yellow water was flowing very rapidly over a said aid gravel bed. 

Lugard crossed it about 20 kilometres further dow1 without difficulty 
about the eid of the same year. 

Near where it was crossed by Stuhlma11 i1 Jure 1891, Stairs visited 
it 11 Jure 1889. Не describes it as 38 metres wide 3 metres deep 
betwee1 baiks 15 to 18 metres high, and having a velocity of about 
1:33 metres per secoid (3 miles an hour)? which would correspond 
to a discharge of about 152 cubic metres per seco1d. 

About 75 kilometres from the Albert Edward lake 1ear the Congo 
state fort of Mbeii the river flows between high barks and is too deep 
and swift to be forded. * 

A little lower dowi it pluiges iito the Congo forest aid its 
course is not accurately Коул for the 1ext 65 kilometres; here 
Stuhlmann crossed it 11 latitude 0° 47 N at a point due тог of the 
Ruweizori raige and fouid it at the begin 1115 of July 1891 to be 60 
to 80 metres wide, 1 to 1:5 metres deep and with a stroig current, 


1 Reyort on the О, ›ег Nile, р. 68, 70. 

? Loc. cit., p. 232. 

З Starley. “In Darkest Africa,” IT, p. 264. 

4 Johistor. “The Uganda Protectorate.” London, 1902, p. 194. 


flowing 11 а bed cut ore metre deep 11 clay at ore place while at 
aiother poiit further dowistream it had cut through a 30 metres cliff 
of laterite. 

Starley’ o1 May 14, 1889, crossed it at a point further dowistream 
11 lat. 0? 54’ N. where it was 55 metres wide with a 4-5 kiot (2 metres 
per secoid) curreit; a little lower dowi it was 90 metres wide and a 
fine deep river. A point some 6 kilometres dowistream had bee. 
examined 2 days before, and there the river was 70-80 metres wide, 
swift and deep with baiks 3 to 6 metres high, and passable oily 11 
сал оез. 

Moore also marched aloig the lower part of the river from this poiit 
to the lake but gives no information about it 11 his book. From this 
ferry to the Albert Lake, a distaice of about 50 kilometres, there is a 
wide low-lying plain at times partially flooded and covered 11 May 
with а л grass some 50 ceitimetres high. 

From these data it would appear that 11 the dry seasois July to 
September aid Jaiuary to March, the river does not carry any great 
amouit of water, the amount taker up by the deise vegetation 1early 
equalliig what the tributary streams bring in. lı the rainy seasois 
its volume is greatly increased, and from the flood-marks at the point 
where the discharge was measured 1ear the Albert lake plaii, a probable 
flood volume of 700 cubic metres per secoid is deduced.” The alti- 
tudes of Albert Edward and Albert lakes as at preseit accepted, namely 
965 metres and 700 metres” above the sea, give for the Semliki an 
average slope about 1 11 1000 or 1 metre per “kilometre; the upper 
reaches, and the last 50 kilometres of the river have certainly a very 
moderate slope, so that 11 the middle 150 to 200 kilometres there must 
be a greatly 11creased slope due to ridges of hard rocks forming a sill 
or a series of sills across its course. 

All descriptiois of the desceit from the plateau at Fort Portal to 
the Semliki valley * dwell o1 the rapid fall of the grouid which 11 three 
maii steps of about 400, 150 and 250 metres desceids from the alti- 
tude of 1530 metres to 730 metres above sea level. It appears therefore 





1 [i Darkest Africa, II, p. 236. 
* Ке,огё on the U;,er Nile, p. 71. 
3 This latter value is from hyysometric observations by Mr, J. I. Craig із March 1903 com uted 
with the aid of the barometric observatio1s takei simultaicously at E1tebbe. 
The values thus determiied were :— 








Hoima... ... 4. .. 1179 metres Nile, Wadelai ... ... ... 702 metres 
Butiaba tligstatf ... — 845 , „ Nimule .. ... ... 698  , 
Lake Albert |... ... 704  , , Asua jurctior ... 685 p 


„ Fort Berkeley ... 666  , 
4 Reyort on the О, ¿er Nile, p. 58, and Geog. Jour. Sest, 1904 p. 256, 


1ot improbable that the rocks which have resisted erosion sufficiently 
to form this lowest step are those which may form the preseit rapids 
and falls of the Semliki and may have formed that rock mass which 11 
earlier times retained the waters of the Albert Edward lake, which thei 
poured its surplus water over a fall 11to the Albert lake below. 

The 1ortheri half of the Semliki valley is filled with clay said, and 
rolled boulders, and 11to these bedded deposits the river has cut its 
deep chaiiel. [1 the southern half зоба © of this sort appears ; there 
low hills lie east and west of it some of which, as an elevated block 
formed o1ce a transverse ridge or barrier across the valley at the time 
whei the Albert Edward Lake was thus maiitaiied at a higher level. 
Over this flowed the outflow of the lake which gradually cut its way 
back and lowered the lake. This seems to have beer rather below 
where Stuhlmaii first crossed it and where, he says, granite hills lie 
11 the valley with the river wiidiig between them. * 

From the description of the sharply marked beach lines surrouidiig 
the Albert Edward lake it would seem that earth movemeits may have 
assisted the erosion of the bar and produced a comparatively rapid 
lowering so as oily to leave marked beach lires at 11 tervals. 


The Albert Lake. — I1 the Albert lake the drainage of the lake 
plateau collects, and from it the Bahr el Jebel carries it 10rth ward to 
the Sudai and Egypt. Discovered i1 1864 by Sir Samuel Baker who 
greatly overestimated its area, its actual limits were determined by Gessi 
Pasha,” and Mason Bey who circumnavigated it, but 10 accurate 
survey of its shores vet exists, although Stailey,' Jephson Emin,” 
Juiker," Stuhlmann,” Grogai,* and others have traversed parts of 
of it from time to time. It lies betwee the walls of the western rift 
valley at an altitude of about 704 metres above sea level? and is about 
160 kilometres lorg by 30 to 45 broad ; its catchmeit basin including 
the area of the Semliki river valley is about 32,000 square kilometres. 

At the south eid of the lake the shore is low and formed by the 
deltas of the Semliki and Misisi rivers, which spread 11(о the lake as 
vast swamps of papyrus reeds and ambatch. 


1 “Mit Emii Pascha ins Herz von Afrika," Berlin 1894, р. 282 and 298. 
2 Bull. Soc. Geog., Paris, Ju1e, 1875. 

3 “Tn Darkest Africa," vol. II. ch. XXV. 

4“ Emii Pasha,” London, 1890, 

5 “Камат Pasha in Ceitral Africa.” Felkin, London. 1888. 

6 “Travels in Africa," London, 1892, vol. III, Cha). XIII. 

7 Loc. cit. p, 576. 

8 “From the Сазе to Cairo," London, 1900, 

9 Craig. See footiote on p. 71. 
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A discharge table for the gauge at this point has bee1 computed by 
Mr. Craig! o1 the basis of this discharge, (see p. 91) from which the 
mea1 volume discharged mav be approximately derived. (Plate X.). 

For a section of the river at this point, see Plate VIII. 


WADELAI. 


NEAN GAUGE READINGS AND VOLUME DISCHARGED AS DEDUCED FRON THE). 









































DATE |Jan. | Feb, | Маг. [Арг | May | June | July | Aug. | Sept. | Oct. m Dec. | YEAR 
| Mean gauge readings in metres 

1902  10*44/0*2610*20|0* 10|0* 18; 0*11 |0*14/0* 24|0* 37|0* 490° 7610.85; 0°35 

1903 ]0*75[0*65[|0*56|0*51|0* 59] 0* 77 |0*98|1*12/|1*32|1*63|1* 84]1* 92] 1*05 

1904 11*90]1*8011*69|1*72]1* 741[1:74]|1* 74/17 90|1*86]1*90]1-98]1*98| 1°82 



































Mean discharge in cubic metres per second 


1902 | 622] 577| 570] 549] 568] 551 | 558] 578| 606| 633| 692| 715 
1908 | 692] 668| G4s| 637| 655| 696 | 744| 78| 827| 904) 951} 979 
1904 | 974| 948 919] 927) 932) 932 | 932| 974| 951] 974| 995| 995 


As from May 1904 to March 22 1905 the con1ectio of the gauge 
well at Wadelai with the river was saided up, the readings after May 
1904 are too low so that the volume actually discharged after that 
moith was larger, but the table makes sufficieitly clear how largely 
the height of the Albert lake affects the volume supplied to the Dahr- 
el-Jebel. Takiig the coistait supply furiished by the Victoria Nile 
above Foweira as about 350 cubic metres per secoid, hardly any 
additional water was supplied by the Albert lake and the Nile tribu- 
taries below Foweira, 11 Juie 1902, while at the eid of 1903 aid 
throughout 1904 the additio: was not far from 100%. 

Felkin? wher o1 the lake 11 December 1878 considered that at 
Maguigo, at the mouth of the Victoria Nile, water was flowing from 
the Victoria Nile towards the Bahr el Jebel and a зесо1 А curreit flowing 
south-west 11to the lake. At this time the level of the Albert lake 
like that of the Victoria lake must have beei high after the very 
heavy summer and autumn raiis of that year so that far from drawing 
upoi the Victoria Nile supply the lake was doubtless supplyiig as 
much again to the Bahr el Jebel. Алу curreit flowing from the 
10rth-east was probably caused by wiid which at that season would be 
1ortherly. 


i See p. 90. 
! “Ugaida and the Egy,;tia: Sudan." Loıdoı, 1882, 


= vu 


The regulating actio» of the Albert lake smooths out rapid rises 
and falls of the Victoria Nile which the floods of the tributary streams 
from the hills of the Acholi district would otherwise cause, and the 
lake gauge at Butiaba and the Bahr el Jebel gauge at Wadelai couse- 
queitly rise and fall eveily. The hypothesis receitly advaiced ^ that 
the flood waters of the Victoria Nile are here delayed 1early 5 moiths 
11 their passage dowi the Bahr el Jebel, is based 01 a misapprehension 
of the climatic coiditiois, and coisequeitly the difference of 5 moiths 
betwee the dates of the maximum gauge readiigs o1 the Victoria lake 
aid the maximum readiigs at Butiaba aid Wadelai has bee taker to 
meai that this amount of delay occurs. First it may be remarked that 
the minima of the gauges at Butiaba and Wadelai occur i1 the moith of 
March, while at Ji1ja the Victoria lake is low thei and will ordinarily 
rise coisiderably before Jure wher it is g»ierally at its maximum. 
With the March-Juie rains all three gauges rise but 11 July-September 
the Victoria lake falls rapidly in coisequeice of evaporation by the 
south-east trade wiids and wait of the rain 11 the dry season. The 
Albert lake on the other һала is still receiving а good supply from 
the Semliki river and the raiifall at Fort Portal is heavy; the Victoria 
Nile owes its flood to the raiifall of the Acholi hills, where raii is now 
heavy, and this supply is poured iito the lake, while at Wadelai more 
thar 100 mm. а moith of rai is falling. After this date the rain 
belt is returii1g south and raiifall increasses in October and Novem- 
ber (see p. 84) so that it is 10t to be woidered at that the maximum 
readiig is reached 11 December. 


Change of level.—The variatiois i1 the level of the lake will 
follow ge1erally those of lake Victoria and the other equatorial lakes, 
falling 11 years of deficient. raiifall, and reaching 11 a year of heavy 
rali, a high level which may be maiitaiied for several years if their 
raias are up to the average or oily slightly 11 excess. Emii Pasha” 
states that there was an islaid 2 metres above the lake surface south- 
south-east of Mahagi where 11 1879 there was 101e. Stuhlmann * 11 
1891 meitiois two promoitories ол the westeri shore which were 
islaids wher Stailey visited the spot 11 1889. 

Emin Pasha records a shoal at Tuiguru in 1876, which 11 1880 was 
a said baik; Jephson calls it an islaid 11 1886 and in April 1888 it was 
joined to the shore by a strip of laid 1:5 metre above the water-level. 


{ Willcocks. “The Nile in 1904.” London, 1904, p. 30. 
‚ *. Emi1 Pasha iı Ceitral Africa. Loidoi, 1888, p. 167. 
3 “Mit Emir Pascha ins Herz von Afrika." p. 582. 
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I1 both Albert and Albert Edward lakes there is moreover a large 
amount of detritus бело aiiually deposited 11 the lakes, siice most 
of the rivers which fall into them: have steep slopes especially o1 the 
westeri shores. Much of this material must be coarse aid therefore 
15 $001 deposited 11 the lake so that the growth of some of these 
islaids is probably assisted by deposition as well as by variation of the 
lake level. 

At the southeri eid where the Semliki and Misisi eiter, these rivers 
have traversed their level flood plains for some dista1ce and the deposit 
11 the lake is fine silt. At the 1ortherı eid the Victoria Nile is 
formiig a delta with the material which it receives below Foweira as 
already men1tio1ed. 

The obliteration of the Albert Edward and Albert lakes 11 course 
of time by the detritus brought down by their tributary streams has 
bee1 aiticipated,’ and though whe this takes place mary other 
chaiges will doubtless have occurred aid the whole regime: of the 
Upper Nile may have altered, still, as a case of river development, 
it is interesting to trace the effect which such silting up of the lake 
раѕі 15 would have o1 the Bahr el Jebel. The Ruchuru would traverse 
the site of the Albert Чага, formiig baiks from the silt that it 
carries 11 flood, with lagoois and marshes behind them; joined by the 
streams from the east of Ruweizori their combi1ed waters would flow 
dowi the Semliki valley and across the preseit Albert lake. This is a 
dista1ce of about 350 to 400 kilometres and the fall is about 250 metres 
giving sufficient velocity to carry silt to form iatural barks. The 
position will thei be that there will be an April-May aid a November- 
December flood correspoidiig with the rai1y seasois, while the preseit 
loss from evaporation will be immensely reduced 11 coisequeice of 
the great reduction of water surface. 


Summary.—In this most southeri part of the Nile basi we have 
a plateau lyiag some 1500 metres above sea level and composed of 
greiss quartzite and schists; the ceitral portion is occupied by lake 
Victoria, while the deep fault valley, 11 which lakes Albert Edward 
and Albert lie, forms the westeri portion. Much movement has taken 
place comparatively receitly aid blocks of the plateau have bee1 raised, 
lowered, or tilted, so that the drainage follows the depressiois so 
formed. As yet the rivers have not had time to deposit or erode 
sufficiently to give a regular grade to their beds so that marshes and 





[n иын 


1 А Reyort on the Uy er Nile, p. 9. 
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CHAPTER III. 


Tux BAHR EL JEBEL, BAHR EL ZARAF AND BAHR EL GHAZAL. 


The basin of the Bahr el Jebel is of small exteit, comprisi1g some 
190,700 square kilometres iicludiig the area draiied by the Bahr el 
Zaraf ; it is bouided оз the west approximately by the 30th meridian 
east of Greeiwich, while on the east the boundary betwee: it and the 
Sobat basii lies to the east of the Bahr el Zaraf, betwee this river aid 
the Khor Filus, to about the latitude of Bor whence it turis south-east 
so as to include the Latuka hills and the other raiges lying to the east. 

This part of the watershed, betwee the Bahr el Jebel and the Bahr 
el Zaraf o1 the west and the Sobat basi1 on the east, is very ill-defined, 
for the flat орет plains which occur here have no proiouiced lires of 
drainage but are flooded swamps i1 the rainy seasoi, most of the water 
evaporating later, though a small proportion is probably draiied off 
by such chainels as the Pibor and the Khor Filus. The plateau of the 
Masha’ couitry which hes at an altitude of about 1500 metres above 
sea level seems here to mark the divisio: betweei the westeri and 
easter1 drainage and theice by the Karamojo plateau as far as mount 
Dabasien the lire ruis south wards, after which it turis westwards be- 
twee1 the Asua river and the Victoria Nileto the head of the Albert Lake. 

North of lat. 5° №. the basii coisists of almost level plains sloping 
very geitly towards the 10rth and composed of a saidy ferrugi1ous 
soil derived from the decompositio1 of the gieiss which is the predom- 
inating type of rock 11 this part and which appears here and there 
as low rouid-topped hills, near the foot of the southeri plateau. 

Between the river valleys the laid rises slightly forming a dry ridge 
of higher laid which 15 11 marked coitrast to the swamps which occupy 
the valleys and form a broad belt joi1i1g the 1ortheri flood plains of 
the Bahr el Ghazal and the Bahr el Jebel where they uiite to form the 
White Nile. To the south of the fifth parallel the couitry is of a 
totally differeit character ; the Bahr el Jebel itself flows 11 a narrow 
chainel betweei high hills and its course is 11terrupted by 1umerous 
falls and rapids ; on the west the hilly watershed gives rise to streams 
which flow through deisely wooded valleys till o1 reaching the flat 
10rther1 plain they disappear 11 swamps. A most picturesque country lies 





1 Dorialdso1 Smith, Geog. Jouri., Dec., 1900. 
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shore of the Albert lake fall back from the line of the river, and the 
watershed between the Nile and Congo basiis is some 60 kilometres to 
the west; this ridge seids off as a braich to the 1orth-east a plateau 
of high laid which termiiates іл Jebel Оше (1650 metres) close to 
Nimule. On the right baik lies a hilly couitry much cut up by 
streams and rivers, where the geieral altitude of the main ridges is 
about 1200-1300 metres; these maii ridges run 11 two priicipal direc- 
tions approximately N E. to 5W.and NW. to SE. and a similar arrange- 
meit may be ioticed ın the reaches of the Bahr el Jebel and 11 the 
tributary streams. These directions have already bee1 mentioned as 
predomiiait on the 1ortheri shore of lake Victoria and doubtless are 
due to the mai directio along which movements of elevation or folding 
have takei place at some period, or intrusions of harder rocks have 
occurred, so that uiequal erosion has left 11 relief ridges which now 
separate the stream basiis. No geological study of this region has yet 
furiished proofs of this, though 10 kilometres to the south of Gondokoro 
compact black dolerite dykes cross the couitry cutting through а well- 
baided quartz-biotite gneiss' from SW. to NE. and formiig ridges 
where the rock of the dykes weathers to irregular blocks like the ruiis 
of rubble walls, while the depressiois are filled with a sandy clay over 
which streams flow 11 the rains, aid where swamps lie in the drier season. 

Throughout this lake reach the tributaries, few and uiimportait, 
come 11 01 the right baik, except a few khors which drain from the 
westeri hills; the pricipal ores are the Achwa and the Umi леаг 
Wadelai and the Tete opposite Dufile. 

The altitude of Nimule has usually beer taken as 610 metres above 
the sea which would give a differeice of level betwee1 this point and 
lake Albert of 90 metres correspoiding to a slope of 1 т 2300 which 
is much steeper thai can be the case for these wide slowly flowing 
reaches. It appears probable that about 685 metres would be 1earer 
the true altitude. * 

From this poiat the river chai ges its character, tur111g to the 1o0rth- 
west and after flowing for about 80 kilometres to the orth reachiig 
Goidokoro at 395 kilometres from the lake and 180 from Nimule. 
This distaice is occupied by a series of cataracts and rapids over which 
the river rushes usually 11 а narrrow chaiiel. The priicipal rapids 
are those of Fola, Yerbora, Gugi, Makedo and Bedei;* sooi after the 
last of these the river as a fine stream, 400 to 500 metres wide, and 


 -——D— ыш 


1 Determined by Dr. W.F. Hume. 
? See p. 71 footiote. 
3 For detailed descri tion see Reyort on Uy er Nile, p. 98-107. 
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flowing stroigly, eiters the plain tract and meaiders with rapidly 
dimiiishiig volume through its valley to Lake No where it meets 
the Bahr el Ghazal to form the White Nile. After Goidokoro there are 
10 more rapids siice the river flows through an alluvial plain ; and this 
loig reach of rapids to the south 1s due to the river desceidiig from the 
plateau formed by the greiss and other rocks to the lower alluvial flood 
plaiis o1 the iorth. The couitry to the east of this part of the river may 
be described as a plateau some 900 metres above sea level which slopes 
1orthward at first geitly, the: more steeply as the hill spurs merge 
themselves i1 the level plaiis east of Goidokoro. The ceitral hill mass 
is that of Agoro which exteids some 70 kilometres from south-east to 
10rth-west and 40 kilometres from south-west to 10rth-east; it 1s situated 
30 kilometres east of Nimule and has a gereral altitude of 2100 metres 
while the priicipal peak exceeds 3000 metres. Further east other hills 
Egadang and Harogo 2800 metres, Lonvili 2500 metres, Nangani 2200 
metres, the Karamojo plateau and талу others staid as witiesses of the 
former exteisioi of the Ceitral Africa: plateau of crystalline rocks ' 
which has bee1 cut up i1to detached masses by stream erosioi, and whose 
materials are now spread far and wide over the plains to the iorth. 
The same SE. to NW. direction is see, amoig the valleys and spurs 
as occurred further south. The distaice of the higher parts of the 
bills from the river gives moderately loig courses to the differeit 
tributaries which come 11 on the right baik but they rise at a consid- 
crable altitude and haviig a steep slope талу of them furiish a large 
supply of water 11 the raiiy ѕеаѕол ; the priicipal of these are the 
Asua and the Atappi, the Umi, the Karpetu, and the Kit or Gumuru, 
so that to these the flood of the Bahr el Jebel is due, and the rapid 
variations in the water level at Goidokoro are caused by the rise and 
fall of these streams. 

Ou the west side of the river the hills rise steeply to a height of 
1200 metres, so that with the exception of оле stream, the Khor Avu 
which has cut its way through from the west 1ear Labore, the streams 
have but a short course and doubtless carry a small volume. Behiid 
this ridge the couitry for about 150 kilometres is uiexplored but from 
the way the streams to the orth and west of it How, 16 must be a high 
plateau probably some 1500 to 1600 metres above the sea crowied with 
higher summits ; it is, 11 fact, а detached portio of the easteri plateau 
through which the Nile has cut its way probably followings a line of 
faulting. On the westeri side of this plateau the river Yei takes its 
rise, and flowing лог finally empties what is left of its waters, after 


i Macdoiald, Geog. Jour., August, 1399, p. 144 and I. D. W. О, Map. No. 1429. 
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passiig through its own marshes, 11 to the valley of the Bahr el Jebel 
1ear Ghaba Shambe. 

Sincein this upper 400 kilometres the Bahr el Jebel traverses that part 
of its basin which supplies the river, in distinctio1 from the remaining 
700 kilometres, 11 which some 50 ceit. of the volume which passes 
(Gxondokoro is lost by evaporation and absorption 11 the swamps, it will 
be coiveiieit to treat this portion separately from the 1orther1 part, the 
more so' as the climatic coiditiois of the two districts are fairly distiict. 


Southern portion of the Bahr el Jebel.—The climate of the 
southeri part of the basin 15 well represeited by the observations take 1ı 
at five statio1s, all of which are situated on the river :— 


Place Period 
Mongalla ... Commenced April 1903. 
Ludo ... ... Observations recorded for 1 year and 7 months only. 
(xondokoro... Mean November 1903. Maximum January 1901, Minimum 
May 1904, Humidity November 1903. 
Nimule ... Commenced Janus 1904. 
Wadelal ... в November 1901. 


Ihe mea: values up to December 1904 are giver 11 the following 
tables, which though they are derived from a few years oily, are 
probably accurate to withi1 a small amount siice the differeices between 
the hottest and coolest moiths is but 5°, aid the daily range for the 
greater part of the year does 10t exceed 13° C. 


MEAN TE» PERATURE (CENTIGRADE). 
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*2/27°0/26°2 





Mongalla ..|27*8/2675]25*8/26*5126*0|25*0]24* 7] 24: 8/267 8|260*1|27*2 

Lado .. ..j28*1:23:2]30*0/28*9j2/* 1| 26° 2|25* 51257 2/227 3|25* 6126* 1]27*0|27*0 
Gondokoro..|28*1 26*7|26*1,25*2|25*8|25* 4 21 1]23* 11267 41207 4]21*0/|27*0]26*0 
Nimule ,1I21*8 28*2|21* E241* 5/21*51241*0 237 6] 23° 4123 ° 5|22* 3122* 2122* 8/217 2 
Wadelai ..127:0 27*0|260*6/26*0/125*8j/25*4 25* 11237 8124*6125* 4 26* 2126*5/25*78 





| | 
MEAN МАх1›О 5 TEMPERATURE. 


PLACE Jan. | Feb. | Mar. | April | Мах | June | July | Aug. | Sept. | Oct. | Nov. | Dec. [YEAR 


— | m | —J— | Oe -———— [ — | ———— ë —————— ЁШ ————J y A—Ó— 1 ————— D — oo 


Monealla ..|57 
Gondokoro..!35 
Nimule 1904]37* 117 
Wadelai ..135*€ 
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Nimule. = Lat.3° 37 N. Томс. 32° 8 E. 
DATE Jan, | Feb. | Маг. [А уги | May | June | July | Aug. | Sept. Oct. ох. | Dec, | YEAR 
1204 0| OF; 141] 45) 24 OF) lódj 9% 13%] 123) 127| 35 264 
1:05 о S| 42| 56| 264) 80 Sl} МИ 105; 194; 183 42| 1168 
Mean.. ي‎ 4) 92 52| В 52; 122| 124) 123) 159) 155| 40] 168 
Gondokoro. Lar. 4° 54' 15" N. Томс. 31° 40 4" E. 
DATE Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Year 
1901 201 4| SS &3| 16 132 65 9 40) 73| 114| 0 575 
1902 0 1| Ө 106| 113] 100] 181 ТА 310| 219) 55) 25| 1% 
1903 о) OF 13] 92| 234) 143| 259| 149) 104) 164) 4 1| 1163 
1904 1j 32| 105; Г 198) 57| 102| 190) 103| 119] 32 6| 1019 
1905 1 1 إن‎ 45| 145) 84] 104| 258 155 АТ 62 0 99) 
Mean.. 1 О 55 Sl 170| 106| 132| 149| 142) 144| 54| (6| 1052 
Mongalla. —|Lar.9 11'58' N.  Lowa. 31° 46' 42" Е. 
DATE | Jan. | Feb. | Mar. | April | May | June | July | Avg. | Sept. | Oct. | Nov. | Dec. YEAR 
1903 ..|.. | ИИ 90| 219} 130] 236] 89| 127| 3 0| [1005] 
1904 0| 21) 110| & 150| 112, 49) 154| 71| 100 ПП 912 
1905 9| 3 2] 143 ӨҢ 9 381 158 175| 139, 119, 4 941 
Mean.. 2| 12| 56] 412] 95) 141| 72) 183] 112| 142) 44) 5 976 
Ghaba Shambe. . Lar.7?6 44' N.  Lowc. 80° 46' 31" E. 
DATE Jan. | Feb. | Маг. | April | Мау | June] July | Aug. | Sept. | Oct. | Nov. | рес. | YEAR 
1903 +è e @ e ae ae a6 * а a e SN 19 () () e ® 
1904 0| 2 И 24) 102] 29 53 112] & 40 3 0 460 
1905 0. OF OF 125 54) 120| 85| 232) 6s| 20| 2  '649 
Меап.. OF} l| I| 18| 75] 42 50 100| 136) 44| 8| 1 514 


= s 


- 


MEAN MONTHLY RAINFALL IN MILLIMETRES. 


I LACE Jan. | Feb. | Mar. | Abril | May | June | July | Aug. | Sept. | Oct. | Nov. į Dec. | YEAR 


eee | | ee Pa EE. 





Mongalla .. 2| 12 56| 112| 95| 141| 72| 183; 1121 142| 44 5| ay 

Lado .. .. () 0, 27| 136) ST 151 218| 120) 123) 57) 20 2| 00 

(xondokoro . 4 0| 55| Sl! 170) 106| 132) 149| 142) 144| 54 611052 
» E 


Nimule : , 4 2| 52] И 52| 1221 124| 123; 159| 155| 40110605 
Wadelai ..| 2 19| ИИ 97] 124| 87| 9 117| 102| 1658! 114) 210% 


( | 
WiNDs.—PERCENTAGE FREQUENCY. LADO. 


MONTH Year N NE E "E S pm W !1 NW | CAIM 





January es se os 1880 | 25| 20} 32] 0| OF OF OF 1| 22 
February .. ..| 80,84 1| 8|165] 5|11| 61 7] 1| 37 
March .. .. .. 54 1 3)13 | 11 j 37 6 | 16 2 11 
April .. .. ..| 80,53,34] 0| OF 6| 154 25110] 7 1| 230 
Mayes. eso жк d " 0|] Of 2] 58,27] 13 7 1 12 
June TIT 50,83 () ( 0 2 | 20 | 17 | 10 1 50 
July.. .. .. ..| 80,83 0| 0| 4 |12 {1 9:20] Of 37 
August .. .. ..| 81,82 0| 0| 4| 14| 23| 12| 14] OF 33 
september .. ..| 81,82 011, 11| 25 1181 9 9 | 30 
October .. .. ..| 81,82 3| 2/15} 13] 14] 4] 41] 2| 4t 
November .. .. 81,82 | 21 5112|10] 3| 0| 2]| 2, 42 
December  .. .. 81,82 33 | 13 | 16 4 0 0 0 0 44 


On the higher part of the easteri plateau the temperature is of 
course lower aid the raige greater, while the rainfall is certaiily 
heavier though no observatiois of anv kind exist. The irregular rises 
of the river at Goidokoro, which commence as early as May, each оле 
lasting for oily one or two days as a rule, are due to rain-storns 11 
the eastern hills 11 the basin of the Asua or the Kit rivers. As the 
raliy seaso1 progresses the rivers rise but throughout the rainy seaso1 
there are sudden rises aid falls of the water level due to the combiied 
effect of rai occuring 11 heavy storms rather thai as loig-coitiiued 
rai1, aid the high altitude of the sources of the rivers aid the compar- 
ative shortiess of their courses, which cause the flood wave to pass with 
great rapidity to the malı river. 

Probably the meai aiiual гала] in the hills to the east of the 
Bahr el Jebel may be estimated as amouitiig to 1400-1500 mm. 

The winds at Lado show е seasonal chaige from being iortherly 
11 е dry seasoi to southerly 11 the raiis, aid the same reversal is 





1 Pet. Mitt. Ergh. 93, p. 79. 
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see1 at Moigalla, Goidokoro aid Wadelai where the series of obser- 
vations are shorter, as well as 11 Juiker’s observatiois 11 the Bahr el 
Ghazal ргоуілсе. * 


PERCENTAGE FREQUENCY OF WINDS. 
Wadelat 1904 (7 a.m. and 2 р.т.). 

















MONTH N NE E SE S SW үү NW | CALM 

January .. b TN 
Februarv no observations 
March.. ..| 53 t 31 2 0 2 | 0 | 8 | О | 1 
April .. ..| 42 | 7 42 | 0 3 3 0 3 0 
May .. .. no observations 
June observations Ist — 6th all E. 
July 5 0 10 | 10 5 10 0 0 0 
August... S 0 89 0 3 0 0 () 0 

eptember..} 0 0 100 0 0 0 () 0 0 
October. 0 () 100 () () () 0 0 () 
November .. 0 () 100 0 О () () () () 
December .. 0 0 100 () 0 () () Ü 0 


PERCENTAGE FREQUENCY ОЕ WiNDs. 
Mongalla, June 1903 — December 1904, 8 a.m., 2 р.т., 8 p.m. 


MONTH N NE E SE S SW үү NW CALM 
January à 0 0 0 0 () 0 0 97 
February 25 0 9 0 1 0 5 0 60 
March.. 19 () 20 ] 38 () 10 0 3 
April .. ә О 16 3 40 3 5 0 31 
May 12 () 2() 2 37 () 17 1 11 
J une 4 3 19 9 34 4 18 0 9 
Jily e| 17 0 | 13 | 10 | 34 G | 10 3 7 
August. ..| 27 o 8 ( 3)) 6 17 2 0 
September ..| 17 12 11 5 15 2 12 0 23 
October. ..| 26 14 ( 5 22 С N 2 11 
November ..| 28 19 20 2 2 () 1 1 21 
December ..| 62 34 1 0 О 0 0 0 13 


The Wadelai aad Moıgalla observatiois cover too short a period to 
be take1 as truly represeitative aid local coiditiois at the former place 
may affect the results which show a very marked prevaleice of easterly 
wiids. Still the Mo1galla observatiois show an easterly deflection of 
the wiad 11 the summer months aid perhaps this may prove to be 
due to the distribution of atmospheric pressure to the west aid 10rth- 
west. The weatheriig of the mortar at the house coriers in Lado 


| Pet. Mitt. Erganzungsheft, 92, 93. 
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of its length is oily approximate; by measurements ол а receit map' 
the leigth from the Dodosi hills to its juictioa with the Bahr el Jebel 
is about 400 kilometres. It has bee: crossed at several points; Emin 
Pasha’ crossed it 1ear Fatiko about 75 kilometres from the mouth 11 
the autumi of 1880 aid found it 40 metres wide, rapid, aid more thai 
а metre deep. Close to the village of Ол some 15 kilometres from 
the juiction with the Nile he fouid it iı 1880° 26 metres wide aid 
оле metre deep; barks of coarse said bordered the stream ала large 
boulders were соттол ; the barks were 2 to З metres high. Baker * 
describes it as being 110 metres wide 0°75 metre deep with a maximum 
rise 11 flood of 4 metres. Опе of its larger tributaries is the Khor 
Bagger which Emii describes ear the juictioi as about 12 metres 
wide, 1'5 metres deep rushing over patches of said and slabs of mica 
schist;? at aiother poiit about 30 kilometres higher up it was 11 
the autumi of 1880 20 metres wide, flowiig rapidly about a metre 
deep with flood marks two metres higher aid betwee haiks more 
thai 3 metres high. The Khor Átappi" which meets the Asua close 
to the Bahr el Jebel is also a1 importait tributary bei1g some 12 metres 
wide aid iearly 2 metres deep at a point 15 kilometres up-stream. 
The Kit or Gumuru which rises o1 the westeri slopes of the Agoro 
raige must also bring 11 a large amount of water. 

Thus besides the regular supply which passes dowi the Bahr-el- 
Jebel from lake Albert aid varies very gradually as showi by the 
Wadelai gauge, there is the variable supply received from the east 
baik tributaries duriig the raiiy seasoi. Оп the belt of high aid 
hilly country between Wadelai aid the Karamojo plateau the газу 
seaso1 coisists of a maximum 11 May aid June ard another i1 August 
aid September separated by an iiterveiiig period during which the 
raias moderate to some exteit. The meai values of the raiifall are 
derived from too few years of observations to show this very clearly, 
but the u1aiimous testimoiy of travellers aid of those residiig at 
statio1s 11 this part of the Bahr el Jebel coifirm it; it is also the 1atural 
coisequeice of its geographical position. between the lake plateau with 
two rai1y seaso1s aid ал literveiiig dry seasoi 11 July aid August, 
aid оле rainy season from June to September. The effect of this is 
well showa by the readiigs of the Goidokoro gauge ; sharp rises aid 


1 I. D, W.O. No. 1429, 1899. 

2 Emin Pasha in Central Africa p. 275. 
3 Loc. cit. p. 263. 

4 Ismailia II, p. 70. 

5 Loc. cit. p. 246. 

6 Loc. cit. p. 255 and 262, 
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falls record suddei variations 11 the volume of water passing Gondo- 
koro due to floods coming dowi the easteri tributaries. These are 
most 1umerous 11 May aid Juieand іл August aid September, while 
11 July wher the raii-storms dimiiish somewhat, the variatiois are 
much less, but the heavy rainfall having repleiished all the spriigs, 
no coisiderable decrease 11 the river volume takes place (see Plate X.). 

The volume discharged at Wadelai has bee1 worked out o the 
basis of a discharge measured o1 March 23, 1903 ! while the slope has 
bee1 deduced from the followiig coisiderations by Mr. Craig. Four 
very coicordait hypsometrical observations were made at differeit 
stations between the Albert lake and Nimule ала reduced by compa- 
rison with the readings of the barometer at Entebbe, kindly supplied 
by Mr. Mahoi, Director of the Botaric Gardeis there. As the type 
aid section of the river betwee the lake aid Nimule vary little, ал 
assumption of uiiform slope has bee1 made, the most probable value 
of which from the observatiois 15 2455, 

Ihe data are:— 


Volume discharged ... ... ... 646 cubic metres per second 
ectional area ... ... ... ... 770 square metres 

Hydraulic radius  ... ... ... 4°50 metres 

And the mean «elocity is... ... 0'84 metre per second. 


Substituting these 1umbers 11 the Kutter’s formula we obtaii :— 


ao l/nc64:85 
киче 39-08. 
a quadratic equation for n, the positive root of which gives 
п —0:02369 ; this accords with the value of n giver by Kutter for 
such a river chaiiel. With this value a series of values of С 11 
the formula may be calculated to correspoid with differeit gauge 
readiigs, the slope being coisidered coistait. For this assumption 
there is warrait 11 the fact that the raige of Lake Albert is 10t much 
less thai that at Wadelai. This being so the chief effect of a high 
level o1 Lake Albert will be to extend its limits towards the 1orth so 
that the portion which may be looked o1 as бело level will be brought 
1earer Wadelai aid the fall distributed over a shorter leigth. In the 
abseice of further data it appears most reaso1able therefore to coisider 
the slope as being 11depeideit of the gauge reading. 

As the value of the slope obtaiied above differs materially from 
that hitherto accepted, the reasois for adopting it may be indicated. 


1А Ке огё оп the О, ser Nile, p.13 aud A) Js IV. 
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Ihe hypsometrical observations though few 11 1umber derive added 
weight from the fact that they are the first in this region that have 
реет reduced by comparison with simultaieous barometric readiigs at 
a station of kiowi height so ear as Entebbe distait about 350 kilo- 
metres; again the total fall from the Albert lake at Butiaba to Nimule 
is 13 metres, which is 11 better agreemeit with 6 metres, the value 
deduced by Zóppritz from Emnin Pasha’s observatiois, thai with the 
33 metres give by Hanı. 


DISCHARGE TABLE FOR WADELAI GAUGE 


GAUGE SECTION DISCHARGE GAUGE SECTION DISCHARGE 
Metres. Square metres. Cubic metres per Metres. Square metres, Cubic metres per 
gecond. second. 
0*05' 689*0 530 I*I 29,1 773 
0*1 697*1 949 Is 815* 3 197 
0*2 113*3 570 1*3 891*5 822 
0*3 129*5 991 l'4 907°7 S47 
0*4 145* 1 613 l'5 02:35 * 0 S71 
0۰5 °“ 161:9 039 1° 040*1 596 
0*6 173 *1 657 1°7 956°5 ZZ 
()°7 194*3 680 1°s Q72°5 048 
0°85 810° 5 103 1:9 088° 7 974 
0*9 820°7 726 2*0 1004 *9 1000 
1*0 842*9 149 


Thus the volume of water passi1g Wadelai may be said to vary from 
about 500 to 1000 cubic metres per secoid, aid this amouit depeids 
solely ол the level of the Albert lake. When it is at a high level, by 
providiig up to double the lowest stage supply, the water-level through- 
out the valley of the Bahr el Jebel is raised, lagoois fill aid exteid, 
aid the rainfall of the summer moiths brought dowi by the Asua, 
Atappi, Kit, etc., on the top of such a1 abuidait low stage supply 
produces exteisive flooding which similar raias when the lake was low 
would be incapable of doing. The lake ала its level is thei the maia 
coitrolling factor i1 the regimen of the Bahr el Jebel valley. It will 
be seen later (p. 102) that exteisive flooding has beei recorded 11 
several years in the 1eighbourhood of Goidokoro aid Lado; this has 
takei place in years of heavier rainfall but the height of the Albert 
lake is probably a still more importait factor. In 1903 the rans 11 
this area were heavy but 1ot sufficiently so to 11u1date laid which 


1 Lowest recorded reading : A ril 1902. 
2 Mean reading: Abril 1903, 
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a ‹ the fact that thev are the first, m thie regton tirat hive 
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һаа remained above the flood level for years, had тоё the Albert lake 
level beer u1usually high. 

At the Makedo rapids Peney! measured the volume discharged 01 
February 27, 1861 aid fouid it to be 565 cubic metres per secoid. 
He also measured aiother at Yerbora rapids which gave from 500 to 
600 cubic metres per seco1d. 


Northern portion of the Bahr el Jebel.—North of Goidokoro 
the Bahr el Jebel passes from its mouitaii tract to its plain tract, aid 
heiceforth flows as a meaideriig stream 11 the flood ра which 
occupies the vallev. For a short distaice 10rth of Lado the ridge of 
higher laid to the west coisists of laterite derived by decompositlon 
from the ил егуі о gneiss, but all the easteri side aid the rest of the 
westeri side 1orthwards is formed of the saidy materials derived from 
the plateau to the south aid laid dowa ол the flood plaiis of the rivers 
which formerly drained this area, with the exceptioi of the four hills 
which are collectively know1 as Jebel Zaraf, aid оле or two similar 
outliers to the east 11 the basin of the Sobat. 

Ihe constitution of these level flood plaias has bee1 described as 
saidy deposits mixed with coarse peat 11 places" but there seems to 
ре 10 evide1ce that aiythiig of the nature of a vegetable deposit exists 
except the ordinary swamp vegetation which grows in the low grouid 
and 11 the lagoois which remaii after the raias. True peat is out of 
the questio1 as it 1s 1ever produced 11 the tropics except 01 тоцл ал15 
over 1200 metres 11 height.” 

Ii this old flood plain the Bahr el Jebel has eroded a very shallow 
valley which it has since partially refilled, while the Bahr el Zaraf has 
carved out 10 valley but oily the сһалле that it flows т. To call this 
valley of Bahr of Jebel a delta, completely formed as far as Bor aid 
11 a1 embryonic stage betweei this point aid lake No * is a misuse of 
the term, since a delta is formed whei a stream delivers its load of 
detritus 11to a body of still water such as a seaor lake. This description 
of the Bahr el Jebel is doubtless a coisequeice of the azsumptior that 
the marshes occupy the site of an aicieit lake, but the objectiois to 
this hypothesis are give later (p. 141). The Bahr el Jebel flows dow 1 


its valley with a very low slope probably about 1 11 24,000 as a mean 


i Bull. Soc. Geog., July 1863, and 1862, р. 249, and Lombardini, “Essai sur l'Hydrologie du 
Nil," p. 39. 

® Willcocks. “The Nile in 1904.” p.21. 

3 Schimper, * Plant Geogra hy,” Oxford 1903. p. 383, 

4 “The Nile in 1904," p. 33. 
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slope from Moigalla to lake No,’ ала all the features which it preseits 
are those characteristic of such low grade streams carrying a small load 
of silt aid situated 11 a tropical climate. 

The leigth of the valley of the Bahr el Jebel from Goidokoro to 
lake № is about the same as that of the Nile valley from Еѕла to Cairo, 
aid if Plate ХІ be compared with a map of Egypt o1 the same scale, 
such as that published by Bartholomew of Ediiburgh, it will be see 
that o1 the whole their respective valleys do not differ greatly 11 area. 

From Goidokoro to Moigalla, a distaice of 42 kilometres, the flood 
plaia is from three to four kilometres wide aid 11 it the river from 
Lado to Mo1galla has а secoidary chaiiel to the west of the maii 
оле; 01 either side of the valley is the thori forest through which 
small streams drain into the marshes of the valley. Throughout this 
part the grouid level 11 the valley is 1:0 metre to 0:8 metre above the 
low stage level of the river, while the higher grouid, where the forest 
grows, is from 2 to 4 metres above it, as at Mongalla, Kiro, Lado aid 
Goidokoro. The flood plain is cut up by 1umerous сһал 1els leading 
11 or out of lagoois which represeit former berds or reaches of the 
river, and 11 these papyrus, reeds, aid grasses, flourish, while o1 it 
deise reedy grass grows luxuriaitly with isolated acacia bushes dotted 
about. The soil outside the flood plain 1$ a stiff impermeable earth, 
for a well suak at Mongalla below the level of the river gave 10 
water. 

From Moigalla to Bor, а distaice of 140 kilometres, the flood plai 1 
is from 5 to 8 kilometres wide aid for almost the whole distaice the 
river is. divided 11to two larger chainels besides the numerous small 
cross chaiiels aid spills. Shortly above Bor is the large tract 
of the valley kiow1 to early travellers as Chir islaid, which lies 
betwee the easter: aid westeri braiches of the river; at preseit the 
former is the malı stream but, 11 1874 wher Licut. Watson? made his 
survey the other branch was 11 use. It was at the тог eid of this 
islaid that vo: Harnier stayed during the first half of the rainy 
seaso1 in 1861.* Below Bor the valley is from 12 to 14 kilometres 
wide as far as Ke1isa, the westeri side being followed by the Bahr el 
Jebel while a parallel braich, the Atem, keeps close to the easter 1 


рал К. 


t Levelling recently carried out gives a fall of 2:6 ст. per kilometre from lake No to Kodok, and 
the altitude of the latter jlace is with fair accuracy 389 metres above see level. Levels carried 
southwards east of the Bahr el Zaraf give a sloye of бет. yer kilometre, which if increasing 
somewhat to the south give about 440 metres for the river at Mongalla. 

2 Now Colonel Sir C. Watson. 

3 Pet. Mitt. Erganzungshaft, Х., р. 138. 
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passed by Baker’ i1 1871 by cutting a chaiiel into the Bahr el Jebel 
aid by raising the water by meais of a dam sufficiently to erable his 
boats to pass 11to the river. [1 1900 Commaidait Herry made his way 
through these swamps draggiig his boats through small side chaniels 
some of which were oily 1 or 2 metres wide while at times орел reaches 
of water were but 20 ceitimetres deep with a hard clay bottom.” А 
little below Ghaba Shambe the forest ceases, aid the grouid which 
bouids the flood рат proper is covered with coarse grass, acacia 
bushes, aid occasionally a few deleb palms ; 01 the west Бал К it passes 
out of sight 60 kilometres below Hellet Nuer aid after this poiit the 
swamps of the Bahr el Jebel, the Rohl aid the Bahr el Ghazal are 
believed to join. The couitry between this part of the Bahr el Jebel 
aid the Bahr el Ghazal caniot be wholly marsh except perhaps i1 the 
rai1y seaso1 when its flatness allows of its being 11uidated for lorg 
distaices ; at other times the swamps follow the water chaiiels which 
are separated by slightly higher grouid. West of lake No for a 
considerable distaice villages aid dry laid appear or the southern 
baik 11 the dry зеазо1 aid here the rise of the water level 11 flood 
probably does 10t exceed 60 or 70 ceitimetres. Till the limits of the 
swamps have beer actually surveyed алу estimate of their area will 
certaiily be 11 excess of the truth, for see from the upper deck of а 
steamer the top of the grass aid papyrus will seldom be as much as 
5 metres below the observer's eye, aid uider these corditiois the 
visible horizon, where, from the curvature of the earth, the line of 
sight meets the grass tops, is oily 7 kilometres distart; азу expaise 
of swamps greater thai this will appear to the observer illimitable. 
Outside the flood plai the couitry preseits the savaiiah type of 
vegetation, grass aid small pereiiials with but few thoriy shrubs, 
while here aid there staids a1 acacia bush. [1 the southeri parts aid 
especially o1 the westeri side where the humidity is higher, aid the 
dry north winds less proiouiced, savaiiah forest aid thori forest 
replace it but except for small areas iear the river the eastern side of 
the valley seems soo1 to орел out 11to bare savaiiah, much of which 
is flooded by the summer rains aid by the water brought dowı by 
streams flowing 1orthwards from the Latuka aid other hills. 

On either side, whei олсе the 1ortherly outliers of the equatorial 
lake plateau have bee1 passed the couitry to the north of them is 
almost flat; o1 the west it rises slightly to about half way to the 1ext 


سے سسس 


1 Ismailia, London, 1895, p. 99. 
2 Bull. Soc. d'études coloniales, Brussels, Seyt., Oct., Nov., 1902. 


drainage liae, towards which the laid ара falls. As far south as 
(«Һара Shambe (lat. 7° №.) this strip of couitry, usually wooded, сал 
be crossed without difficulty, indeed 11 the dry seasoi of March aid 
April the abseice of water is a1 obstacle, aid the same is true of the 
plaiis east aid iorth-east of Bor. 

The Danish traveller Pruyssenaere gives a brief description of this 

laid ол the west of the Bahr el Jebel 11 which he speit several moiths 
11 1860.’ 
_ On March 7, 1860 he started westwards from Keiisa; the couitry 
coisisted of grass-covered plains alternating with wooded tracts, while 
wherever lagoois or swamps occurred 11 the low grouid 1umerous 
fishermei1's huts were grouped arouid. At one day's march from the 
river the wooded region “Gog”? begai, parts of which were fresh aid 
gree1, while other parts were dry aid brow according to the kind of 
trees and the elevation of the grouid. At Mirach Ghadiak the ground 
was a red earth, evideitly a laterite, the product of the decomposition 
of some сгузба ле rock probably gaeiss, пл ег warm aid humid cordi- 
tiois, and the grouid geierally was а red or white saidy earth with 
reddish baiks of saidstoie. At Mira Afio about half way betwee the 
Bahr el Jebel aid ал easter1 braich of the Yei the highest grouid was 
reached aid from here it sloped to the west. 

In the wiiter the trees 11 the “Gog” lose their leaves, the earth is 
dry aid burit up, the aiimals leave it as no water is to be fou1d, and 
seek the rivers aid khors at a distaice. Still itis 10t uiiihabitable; by 
meais of wells a permaieit supply of water 1s almost everywhere 
obtainable. In April the first rain showers fall aid at orce everything 
begiis to sprout, aid the grouid is covered with grass ; a little later 
they increase aid ил ег the heavy raiis of August aid September tall 
grasses grow up and poids fill. The plaiis east of the Bahr el Jebel 
seem generally to lie lower thai ол the west, for betwee1 the Bahr el 
Jebel aid the Sobat there are oily acacia woods with the dom aid 
deleb palms, betwee which lie the depressions which 11 summer аге 
flooded aid 11 winter dry up. From Khor Gondolek some 15 kilo- 
metres east of Agorbar (lat. 6° 38’ N.), the wood falls back more and 
more from the river, and further 1orth towards the Sobat lie vast 
almost woodless plains.” 

These easter plains have bee1 but little visited aid the descriptiois 
of them are meagre. Emin Pasha whe1 the Bahr el Jebel was blocked 
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1 Pet. Mitt. Ergaazungshett, 50, 51. 1877. 

2 This wooded area occujies the higher ground between the Bahr el Jebel and the Yei from 
719 N. lat. southwards; cf. Pruyssenaere loc. cit., р. 13. 

3 Pruyssenaere; loc. cit. 
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with sadd seit post messeigers from Вог to the mouth of the Sobat, 
who traversed these higher plains and left the swamps of the Zaraf to 
the north aid west, while the Syriai trader Ibrahim Bas, as quoted by 
Heuglin,’ crossed them, aid appparently reached the Pibor. 

Receitly Major Liddell R. E.* marched through them in March 
from the mouth of the Sobat to lat 7° М. He meitiois that the couitry 
had beer flooded to an uiusual exteit; his route was to the east of the 
marshes (see p. 120). 

The tributaries of the Bahr el Jebel are few and oily those which 
join it south of Goidokoro ever reach the river chaniel. The rest lose 
their water 11 the swamps formed by the ju1ictioi of their marshes 


with those which occupy the valley of the Баһг el Jebel. 


Climate.—The climate of this part of the Bahr el Jebel may be 
accurately deduced from the observations at Mongalla, Lado, aid 
Go1dokoro at the south eid of it aid Doleib Hilla at the orth eid 
The highest temperature is reached 11 March and April, aid the lowest 
about September 11 the rainy season. The winds are northerly from 
November to March aid southerly from May to September, beiig 
variable i1 April aid October. 

Moigalla aid Doleib Hilla may be taken as fairly represeitiig the 
wiids of the orth and south portiois of the Bahr el Jebel while the 
following table gives the perceitage frequeicy of wiid direction 
observed at Ghaba Shambe 11 1904 aid 1905 at 8 a.m. The prevailiig 
iortherly wiids from October to March aid southerly wiids during 
the summer moiths are clearly showi; the latter have a marked 
easterly compoieit as already meitiored. 





PERCENTAGE FREQUENCY — GHABA SHADBE, 1904 AND 1905, (8 a.m.). 
MONTH N NE E SE S SW W NW CALM 
January 10 6] 2 ә 10 0 0 0 1 
February О 56 (} 0 д Ü 0 0 11 
March.. 4 33 17 13 4 T T 2 13 
April .. 2 4 10 23 8 3 D z 5 15 
May - Ü 10 8 51 19 2 0 () 10 
June .. () ) 22 25 23 1 7 () 11 
July .. 0 3 15 27 11 1 11 1 19 
August. Ü 0 23 16 2] 0 15 О 16 
eptember .. 3 3 18 28 12 3 7 9 17 
October. Ó 11 2] 16 15 ) 20) 0 11 
November .. Û 2) )2 15 15 0 2 () 7 
December ..| 23 71 Ü О 0 О О О 6 


i Pet. Mitt. Erganzungsband, II, Part VIII, p. 104. 1862. 
2 Geog. Journ., Dec., 1904, p. 651. 
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METEOROLOGICAL OBSERVATIONS TAKEN ON THE ВАНВ EL JEBEL IN 1902 
AT 8 A.M. DAILY, BY Mr J.I. CRAIG. 


Tem Kelative | Vapour " Т Rai 
DATE С° P: | humidity. | tension. — Wind. po PLACE 
‚ À mm. 
2. mm 
28 August} 25°] Т 18.7 3*4 5. light 0 Taufikia. 
29 " 21:9 86 20-1 4.7 №. v. light 0 Lolle. 
30 » 21*8 67 18:7 4:0 S.E. mod. 0 Zaraf. 
3l " 21:1 88 19°S 1:2 S.E. fresh 0 Lake No. 
1 Se,t. 26:2 13 15.5 1*8 "S. ү, light Ü ss 
2 " 23*0 91 19.0 {+7 №. | 9.3 Hellet Nuer. 
j к 23*0 $4 17.6 3*5 5.2 0 ee 
i. 21*6 67 18:1 |, gg f| 8.1 0 Ghaba Sharm be. 
5 » 25-3 88 212 [| || N. 2 0 Kenisa. 
р T T T | уз.) XE З 27.3 
7 i 255° 6 82 200 |; — " "j| 1 О ae 
8 5 240 х7 19:9 5*0 м. 2 3:7 Mon galla. 
9 5 25*8 51 20*1 2.4 №. l 1:9 Gondokoro. 
10 ۴ 24-0 78 17:4 1*6 Pu d Vs is 
11 + a в Ф $9 № 4 $ ^ a 
12 is ыл s | ET А ps 
13 2 . А а P | А a Mongalla. 
14 25.5 67 16*6 У. 3 2,1 T 
15 5 vs i T ( 7.8 | à is Kiro. 
16 " 26.1 92 23°3 || "1418.3 1*2 site 
17 к T ве Ps | 13-3 А - T 
18 И 23.8 91 20:0 [р | м. 1 0 Hellet Nuer. 
19 ^ 26.3 86 21°8 5*9 W.3 Ü к 
20 " 2542 30 19:2 6*1 S.W. 2 3*0 Khor Deleb. 
21 "B ж» P “г 5*1 is i araf. 
22 5 27.8 9] 2502 4°7 E. 2 0 ps 
Total 
Mean 25°4 82 19°8 4°6 49,0 


METEOROLOGICAL OBSERVATIONS TAKEN ON THE WHITE NILE, IN 1874, 
BY Lieut. C. М. Watson В.Е. ! 


TEMPERATURE RELATIVE 
Y T ENSION 
IN SHADE HUMIDITY „ше? WIND 
(400 
PLACE | DATE 0 CENT. 4 REMARKS 


8 a.m.| 0000 |8 p.m.|8 a.m. nova | 8 p.m. бал, noon ' 8 p.m. | Direction | Force 

















S=(loct. 9[28°3 |.. |.. [567 |.. | .. erly .. .. | Fine. 
= = 9۹ 10 20*0 ee ee 61*0 ee ee 11°32 .ъ pæ * n ee 1% 
m s d us se [30*0 | s. px 1 | .. eo» |18°28 AW 4 | Heavy rain at night. 
„ 1212699 |30*3 |31°7 |68°4 |58:5 | .. |l15'11/19736  .. NW 3 | Fine; rain at night, 
| NW | 
13128-6 [gees [30-6 |в5°5 [5320 | .. 19°15 18-011. W 2 | Heavy clouds and light. 
| SW 3 ning; a little rain. 
E „ 14[28*1 |33*9 |31°1 |6570 |39*9 | .. [18732:15787| .. SW 2 | A little rain. 
= „ 19[26*1 [32-8 129.4 169'6 1388 vs 17°50 | 14°48. s Ws 3 | Fine. 
7. . 16131°7 |33:9 131.7 |46°3 [4279 | 59*1 |16*09:16°85 20763 W 1 | Very tinc. 
2 „ 173177 es 27°8 ]49°9 - b3 0. ISTIS е |]17*56 SK i | Cloudy; lightning. 
= " 181?6*1 30*6 28*9 99°) 1629*0 63°9 20°69); 20°08 18°96 «I5 1] Fine. 
р> „ 19|25°6 |39°2 |924.4 |86°0 |53'0 | 86*8 |21°00'19°09:19°65 SE 2 | Fine a.m. ; heavy rain 
= 4. 20|?6*i |34*4 |25°6 |82*0 |46°6 | 69°2 |20:69|18-96 16°91 S 9 | Fine. [p.m. 
= S 21|24°4 |29*4 [оа |86°8 |68*0 | 86*8 |19*65!2U*83,19*65 x 3 _ 
„ 22|24*4 12974 |25*6 |77°9 |44°6 | 81°2 |17°64113*°51119°86 SE 2 а 
эа.) - í z es Cd s s 2 | Fine: Squall evening. 
> » e e. ; e У. ` 
„ 23] 27-8 |31°7 |26*1 |4570 |46*4 | 7379 |12*6v 16 M i COR ENE] 6 | Fine. 
„ 24f .. [29:7 [озо 17... [66:5 | 8270 | .. 12076419725 $ 3 p 
, 25|?5*6 |°8'9 |26°1 [8172 |71°*5 | 78°0 |19736:21712,19*55 5 1 
Мели |27°09|31°53[27°R9|68°2 |53*1 (2*9 |17*93 18°14 18 99 — 2o 
8+12 +20 


1 Jour. В. Geog. Soc. 1876, p. 42t. 
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METEOROLOGICAL OBSERVATIONS TAKEN ON THE WHITE Мих, IN 1874, 
BY Lieur. C. M. Watson R.E.—continued. 








RELATIVE 





























TEMPERATURE | l 
IN SHADE HUMIDITY- \aroun ГЕХЗТОХ "WIND 
U CENT. " i 
Puck! DATE R REMARKS 
8a.m. | noon |S ры, | 8а.0.| noon | 8p.m. |8а.т.| noon | & p.m. [Direction | Force 
a (|08. 26/26°7 |30*0 i256 |69*9 |58*4 | R172 |18'24[18*28]15*86 SE 2 | Fine. 
= og y 97]95'6 [30*6 [2677 |86*0 |62*0 | 78°U |21*00]20*o&|20*32 | si ( : " 
á ( » 28| .. |31°1 |26°1 | .. |62:5 | 82°0 | ,, [210020169 3E | 2-6 | Heavy rain; lightntug 
4, 29]25*6 |30*0 |53*3 |]81*2 |68*6 | 86"*U l19*86|21*69]18*32 S У; A little rain. (pan, 
„ 30|35*6 |30*6 |26*7 [81°2 |68°6 | 81°7 |19*586|22*34|21*30 S 2 | Fine. 
» 31/2576 |30*0 | .. |86°0 |G8"6 .. [2Ub90|21769|. .. SE : Cloudy. 
Nov. 1|26*1 [30*6 |25*6 |82*0 [62*0 | 86*0 |20" 692006 [2100 S 5 | Fine. 
„ 2127°8 |28°5 |27*8 |74°4 |70*9 | 14*4 [70°62]20°31]20*62 SE 2-3 | Cloudy ; tine. 
4  3|25*0 |29*4 |27°8 |86*0 [64*4 | 70°4 [20*23|19*64|19*64 S 2 Fite. 
. »  1i|98'3 |30*0 |25*0 |70*9 |61 °4 | 86°0 |20'31]|19*20|20*23 SE 4 Threatened rain. 
2 5 5 96*7 30*6 26*] 18*0 62*0 86*2 20*37 2U*'08 21°68 К | 3 Cloud y. 
D b 4 ~ 
S | ёл. 7 n NEM | 2 
= » 6125°6 | .. 22*8 |560*0 A 00*4 [21*00] .. 18°63 E 4 Very cloudy. 
E Î „ 7244 |30'6 |... [во | .. se 118995] ss ыы NE | 3 | Fine. 
ES „ә 8]26*1 |300 123*9 |82*0 |61°4 | 8177 [20*69|19*26|17*95» Es 2 Fine morning; raln 
Е „91239 |28°3 |s3:3 |85°6 |zo-9 | seco |18*86|20*31| 18732 | 58 Cloudy. р 
, 10|25*0 [28°9 |933 |82*0 |60*3 | &1°1 |19*28|17*82|17*26 SE EIL 
, 111256 131:1 |... |? 2^8 [54*9 S [1891118258 |... SW Five. 
». 12126°7 |30*0 |25*6 |62*7 |51°8 | 69,2 |16*23]|16*20|16*91 SL 3 А 
„ 13|25°6 |30*6 |26*7 [81°9 |245 | 73.3 |19°86|17°91|19°18 |! e ү 3 | Very finc. 
„ 14/25°O | .. |26°7 |86°0 | .. 78.0 |20*23] .. 20°32 - {2-3 Five. 
Mean |26°81)30°04/25°47/80°0 [62*5 | 80.7 |19°78/19°68/19°54 — 2*9 
8412420 
س‎ 7712 14*4 19°67 — 
3 
= Nov. 15|26*1 | .. e |78°0 | в. .. [19*55] .. 3 81 2 | Fine. 
= >? 16 © ъъ © as а a +. e ә + а #7 . ч * А 
= 7? 17 ее * 6 k + = 4 as Е. ва a o e? + а Ff 44 
= T 18 ee - +. = ё . ¥ в а ee ++ ва в в » 1; 
= 4, 19|24*4 [sare |28°3 |v779 |] .. .. [i764] .. eis NK 3 | 
= 4, 20|[28*3 133*9 [2570 [u0*3 |42*9 | 73*'4 |17*25|16'55|17*27 I 2 | Very Ane. 
Mean |26*27|32725|26"'65| 12^] |42*9 19°4 [|18*15]|160*85|17*3* — 2'3 
s + 13 + 0 
Di ا ا‎ 28.39 03° 17*42 = 
3 
| | 
Oct. 26 | 
io 25*00130*26(25*59[79*0 [61*4 | 80^3 [I9*55,159*52| 107 42 га 2*8 
Nov, 20) 
8 4-12-r 3 
+ + 97*95 13*6 11 au 9*8 
3 
DATE TOTAL 
Ort. 9 to 25... .. 18 
Oct. 26 to Nov, 2U.. 29 
47 


TOTAL.. 


p 


Ф е 











For what is usually described as а vast expaise of flooded swamps 
the humidity as show1 11 the foregoiig tables may seem lower aid the 
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more easterly branch known as the Khor Kir Shambe, which is the 
main channel to-day, from lat 5° 30’ N. to near Bor. Nearly as far as 
Bor the eroded material brought down from the mountain tract is 
coarsely sandy and even in parts a gravel, but north of this it is a fine 
sandy mud containing a large amount of vegetable material and ashes 
from the burnt vegetation. At Bor sandy layers occur in the bank 
section alternating with others of mud but north of this the coarser 
material occurs but rarely. 

The following table gives such references to the state of the river in 
past years as are to be found in the acccounts of different travellers; 
as a low winter supply means that lake Albert was low, it is interesting 
to note that this was the case in 1849 to 1853, and again in 1858 when 
probably the same was true of the other equatorial lakes. 


Ten | Winter; Bahr el Jebel exceptionally low.’ 


1850 January; Bahr el Jebel exceptionally low at Gondokoro. ? 

1853 January; Low water at Gondokoro. * 

1854 January 0°90 m. higher at Gondokoio than January 1858. ° 

1858 Summer tains fecble. 3 

1859 Water in April very low.? 

1859 Rains on Bahr el Jebel failed April-June, but late: they weie very 
heavy. * ° 

1801 18th Maich; Lowest stage of плет at Gondokoio: * Rains in Baht 
el Jebel late, but then veiy heavy, high flood; ’ Continuous лат 
at Poncets Zeriba from 20th August to 20th September. ° 

1862 Rains heavy іп Bah: el Ghazal and Yei districts. ° 

1863 27th January: Ваһ. el Abyad low; 7th February, Bahi el Ghazal at 
Meshia Rek unusually high. " 

1864 White Nile very low in Maich compared with 1863. " 

1868 Rains were feeble in Bahr el Jebel district since wells in country 
west of it were dry in the following spring. " 


1871 Veiy dry in Bahi el Jebel; diought at Gondokoro. " 





1 Knoblecher; Reise auf dem Weissen Nil. Klun. р. 27, 29. 
2 Pet. Mitt. 1859, p. 307. 
3 Poncet, “le Fleuve blanc” p. 100, 139. 
4 Morlang, “ Pet. Mitt. Erganzungsheft," 10, 
$ Pruyssenaere, “Pet. Mitt. Erganzungsheft," 50, p. R. 
6 Peney, D.S.G. July 1863, 
7 Von Harnier, “Pet. Mitt. Erganzungsheft, XI." p. 140. 
8 Poncet, le * Fleuve blanc." 
Э Petherick, Tlavels in Сепил Africa. 
10 Heuglin, “ Reise in Gebiet des Weissen Nil," p. 71, 
it Ibid, p. 107. 
12 Pet. Mitt. Erganzungsheft 15, p. 18. 
13 Poncet, le “Fleuve blane.” 
14 Baker, “ Ismailia 1." p. 316, 
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1872 Bette: season than 1871; high flood at Gondoko:o. ' 

1877 July at Gondoko:0; no iain, iive: low.* 

1878 High flood in Babi el Jebel: Lado flooded in 1878, still езу high at 
Lado in Decembei:,? which points to an unusually high level of 
the Albert lake. 

1879 November 1879, 1ілет at Lado still high * Lado flooded. 

1880 Unusual rains in Bah: el Ghazal. ° 

1882 Shoitof iain at Lado up to July. ° 

1883 Very heavy iain Lado and southwaids; Lado flooded and gardens 


destioyed. * 
(See Chapter X for a comparison of these date with the Blue Nile 
flood). 


Tributaries of any size are rare north of lat 6° N. and those that 
join the Bahr el Jebel have their valleys so choked with vegetation 
that but little water can reach the main stream. 

On the left bank is the Khor Lurit 37 to 150 metres wide and 
2 metres to 4 metres deep in the dry season which enters the main 
stream to the north of Lado. 

The Khor Lankaja is said to join the valley of the Bahr el Jebel 
some 75 kilometres below Lado. * It rises in the high (610 metres) 
sround west of Lado, and collects the water of a number of small khors. 
К Бог Koda, one of its branches, was in September 1881 in latitude 5° 4' N. 
when crossed by Emin’ 0:5 metre deep, and 3 metres wide, but when 
in flood it overflows the land far and wide. The country to the west 
of it is completely flooded in the rainy season. 

There are also several Khors, Ginetti, Khos and Ta which rise in the 
Latuka highlands and flowing northwards lose themselvesin the swamps 
to the east of the Bahr el Jebel in the neighbourhood of Bor, where 
they flood the open plains in the rainy season and form swamps during 
the rest of the year where what remains of their diminished supply 
evaporates. In latitude 5° 20’ М. оп the western side Khor Taffari and 
К Бог Ito are the principal streams which increased by numerous small 
khors go to make up the river Gel. In September 1881 after a very 
dry season, Emin Pasha” found the Taffari rushing rapidly from south 


i Ibid II, р. 542. 

* “Emin Pasha in Centtial Aftica," Felkin, p. 1. 

3 Ibid, p.08. 

! Pet. Mitt. 1881, p. 1. 

5 Casati Î. p. 66. 

6 Felkin, " Emin Pasha in Centlal Aftica," p. 437. 

T F'elkin loc. cit, p. 453, 

8 Junkel and Hassenstein's Map. Pet. Mitt. Erganzungsheft, 92. 93, 
9“ Emin Pasha in Centlal Aftica," р. 302, 

19 Loc. cit, p. 307. 
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to north, 15-18 metres wide, and 1:5 metres deep. In December of 
the same year it was drv at this point. Ihe Khor Ito at the same 
time was about 30 metres wide and 1 to 1:5 metres deep. 15 kilometres 
further upstream the Ito in December 1881 was 15 metres wide and 
] metre deep, flowing between rocky banks about 3 metres high. 
Eventually these two khors flow north-east through the Ehab contry 
and join to form the river Gel which reaches the Dahr el Jebel 
opposite Bor. 

It was crossed in latitude 4° 50' М. by Peney' (though thought by 
him to be the river Yei), m January 1861, when he describes it as 
being 80 metres wide, 0:35 metre mean depth, and as having a velocity 
of 0°33 metre per second, and discharging 9 cubic metres per second. 

Felkin and Wilson? also crossed its upper branches in about lati- 
tude 5° 5' М. on 20th September 1879 and speak of it as being at times 
a considerable stream, with banks 6 metres high and with evidences of 
the river flowing at times bank full. 

Ihe Yei is the principal tributary of the Bahr el Jebel and joins it 
about 50 kilometres north of Ghaba Shambe, but like most other rivers 
in this country its waters are mostly expended in the marshes which 
fill its valley in the northern part, so that little if any reaches the main 
river even in the rainy season. It rises in latitude 3° 30’ М. and flows 
ina northerly direction throughout the whole of its course. 

In November 1877 Junker crossed it? in latitude 4° N. and found 
it a mountain stream 25 metres wide, 1 metre deep, and rushing along 
a shallow rocky channel. 

Junker* crossed it on 16th February 1877 at Wandi in latitude 
4° 30 N. where it was then 45 metres wide, more than 1:5 metres deep, 
and with steep banks. 

In 1862 at the end of January, Petherick * found this river at Wayo 
in latitude 4° 45' N. discharging about 16 cubic metres per second and 
estimates that in flood it would rise to about 72 cubic metres per second. 
Ihe bed was 117 metres wide, of which some 30 metres were dry and 
the water level was 0°6 metre below flood height. On 27th September 
1879 Felkin and Wilson crossed it at Amadi in latitude 5° 30’ and found 
it 180 metres wide, 1:5 metres deep, and flowing with a velocity of 0°76 
metre per second, giving a discharge of about 220 cubic metres per 


i Bull. Soc, Geog. July 1863, p. 17. 

2 Pet. Mitt. 1881, p. 89 and Uganda and the Egyptian Sudan, 

3 Tiavels in Africa, I. p. 451 

4 Ibid, p. 282. 

5 Pethetick, “ Tiavels in Cential Aftika" [., London 1869, р. 295. 
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second. Below Amadi there are small rapids. At Bufi in latitude 
6? N. at a ford, the river was in October 1881, 80 metres wide, and 
about 1:25 metres deep. 

T wo surveys of the river, the first made in November 1874,' and 
the second in March 1901” and revised in March 1905” furnish a 
means of comparing the course followed by the Bahr el Jebel at 
these two dates and determining the amount of change in the different 
reaches durlng 284 years. (Plate IX). 

On comparing the compass survey of 1903 with that of Watson 
made in November 1874 it may be generally stated that the agreement 
in the northern reach from Hellet Nuer to Lake No is extremely close 
even in the smaller curves; in the middle reaches from Bor to Hellet 
Nuer the correspondence is less complete ; for considerable distances 
corresponding loops and bends can be readily recognised, but at other 
points the old main channel has been deserted and a new one excavated 
in a former cross-cut or backwater. Further south between Gondokoro 
and Bor the river has changed its course since the old main channel 
is now only navigable in flood, and the eastern branch, Kir Shambe, 
is now the main channel. The reason of this is clear, since the 
southern portion is affected by the annual flood of the river and 
the discharge in September is often double what it is in April, 
moreover the differences in the supply of different years will also 
be directly felt, and the channel which suffices for ordinary years 
will be unable to carry the increased volume in an unusually rainy 
season, especially if the Albert lake is also high; the river will 
therefore erode, modify and alter its bed to meet varying conditions. 
Thus it is that in comparing the line of the river in the map of 
November 1874 with that of March 1903 it 1s possible to a consider- 
able extent to follow the general tendency of the river during 
these 28 years. In 1874 at Gondokoro the river was already 
leaving the nght bank, and shortly after the station was removed to 
Lado (1875) since the water channel had become too shallow for boats 
to use 14. Emin Pasha had his post there also, but now there is a sufh- 
ciently deep channel again alongside the east bank at Gondokoro. 
Below Lado the main channel, which now bends at once across to the 
right bank and hugs it closely for about 25 kilometres, seems at that 
time to have kept much nearer the left bank for about 18 kilometres 





—Ó MÀ es eee - 


l Intell. Dept. W. О. 1878. 


? Published in Blue book. Egypt No. 2, 1901, where howevel the sheets have been reproduced 
on different scales. 


3 Published in Верой on the Upper Nile. plan VII. 
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before crossing; it then returns to the left bank and now keeps close 
to it for about 20 kilometres, which it also did in 1874. Ten kilometres 
north of the present Belgian station of Kiro, the river turns across its 
valley, but in 1874 it made a bend of about 90° while to-day it is not 
more than 45°. It now continues across the grass swamp which fills 
the valley until it arrives near its eastern margin which it follows closely 
until Bor (lat. 6°36’ N.). In 1874 the river, shortly after leaving the 
left bank, turned again to the north at 5° 30’ N. lat. keeping approxi- 
mately down the centre of the valley some + or 5 kilometres to the west 
of its present channel, the tract of land between the old and new channel 
being apparently the Chir Island, at the north end of which von Harnier 
spent the rainy season of 1861.' This channel still exists but is 
only navigable for steamers at flood stage, or in years when the water 
level is high. 

In the next reach of the river from Bor to Kenisa, while maintaining 
its general direction and the larger curves, it has altered very much in 
the small bends especially in the southern part. This part is rapidly 
remodelling its curves, and many small changes have taken place be- 
tween March 1901 and March 1903. For about 60 kilometres south of 
Кепіѕа the changes are much less. | 

Between Kenisa and Ghaba Shambe the river has kept its general 
position in its valley but the bends have changed considerably. Detween 
Ghaba Shambe and Hellet Nuer the southern part bas altered but little 
until the south end of the reach. From Ghaba Shambe for about 140 
kilometres each bend to-day may be recognised on the map of 1874, 
altered perhaps 1n shape somewhat, and some have shifted their general 
position, but on the whole there is a striking correspondence between 
the two. The vast expanse of marsh east of this causes instability at 
this part by the rise of water-level in wet years. In the neighbourhood 
of Hellet Nuer where the old channel has only just been reopened, 
the river seems from the survey of 1874 to have flowed near the eastern 
margin of the lagoons through which the steamers passed while the 
proper channel was blocked, except at the northern end where the river 
made very sharp bend (Ghursa el Kilab) which no doubt caused the 
sadd block in recent years as it used to do formerly. 

In this reach were two of the sadd blocks in 1878-1880. No. I block 
described by Emin Pasha (see p. 138) occupied the same part of the 
river as blocks 16-19 of 1900, while block II of the same year formed 
in the sharp angle of Ghursa el Kilab which doubtless caused the block- 


——— 


l Pet. Mitt. Erganzungsheft IT, 1863, 
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begin in March 1905, and Ghaba Shambe where a gauge was estab- 
lished in September 1903. The maximum level is usually reached in 
september at Gondokoro, but in 1904 it was highest in August since 
in that year the autumn rains failed throughout the Sudan and Abyssinia 
and apparently in the north districts of Uganda also. At Ghaba Shambe 
the maximum in both 1903 and 1904 was at the end of September and 
the minimum in 1904 in March, the rise and fall being very steady. 
Ihe аге a few earlier observations which may be recorded here. 

Dovyak' of the Austrian Mission Station in 1853 took both river 
gauge and meteorological observations regularly from January 1853 to 
January 1854 :— 


RIVER LEVEL АТ GONDORORO ; JANUARY 1853 To JANUARY 1854.? 


1553, inet ies, 1553. metles, 
January 1l — 0.05 September 1... ... +1.50 
February 1 —0.05 " ... .. 42500 
March 1 0.00 Octobei 1... ... -4]1.20 
Apiil 1 0.00 ,, 10 ... ... +150 
May 1 0.00 November 1... ... 40.0 
June 1 +0.60 December 1... ... +0.90 
July 1 +0.90 1851. 

August 1] + 0.90 January 1... ase OSS 

" 21 +1.40 IR... .. 40.80 


Range in 1853=2°05 тейез. 


In 1861 Peney® records at Gondokoro that the first marked rise of 
the river took place on 16th April. It then rose 1°25 metres and after 
24 hours began to fall. On May 17 it rose to 1:15 metres above the 
lowest level and on Mav 23 to 1:23 metres. In June it varied between 
0:33 metre above the lowest level on the 13th and 1:10 metres on 
the first, the mean of the month being 0°52 metre. 

Ihe rainy days for these months were:— 


days milliimnet1es 
April ве в яаа oan Жи * 4 чар 10 c 
BH uy x ме dw Ond юк шз 9 105 
UMP. — due ee ee Sos ш ec 14 277 


For 1857 and 1858 there are some observations by Kaufmann of the 
of the same Mission, * who states that between August 1857 and 
August 1858 the greatest difference between highest and lowest water 
at Gondokoro was 5 ft. 4 in or 1°63 metres. 


| Pet. Mitt. 1859, p. 306. The values differ slightly fiom those given by Lombardini. 

2 Flom “ Essai sur l Hydrologie du Nil," Lombardini, Milan, 1865, Plate III. 

3 Bull. Soc. Geog. July 1863. 

+ Pet. Mitt. 1861, р. 368, and * Das Gebiet des weissen Flusses," Kaufmann, Brixen 1861. 
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At Kenisa (Heiligenkreuz) in 1859 the difference 1з said to have 
amounted to a little over a klafter (21.8596 metres) but this must 
have been due to the exceptionally heavy rains. 

In 1861 at a zeriba on the west bank of the river at the northern end 
of Chir Island in latitude 6° №. von Harnier! notes on 17 April a 
sudden rise of the river of several feet, the water being of a reddish 
colour, which flooded all the low Iving land ; on the next day the river 
fell equally. Ou Mav 11 the river began to rise markedly, being reddish 
in colour and carrying reeds and drift wood. 

At Kenisa on the 22nd September 1861 the river was still rising 
and did not begin to fall till 10th October. 

In this year when von Harnier was at Kenisa it 15 stated that the 
whole country was flooded, the missionary station being left as a small 
island in the water. 

In 1872 Sir S. Baker’ recorded the water level at Gondokoro from 
December 1871 till November 1872 ; the lowest water occurred in the 
first days of April, and the highest at the beginning of September. 
Ihe mean water levels were:— 


15/1. ше ез 15:2, | meties 
December ... ... ... 0°93 June ... ... ... .. 081 

1372. dU sss x юк мє 108 
January ... e 09 PONS es эъ зы ee ШО] 
February ... .. .. — | September ... ... ... 1°47 
Match .. Е = | Octobei zu жук жш dd 
Ари! ... ... ... ... 0°15 | November ... ... ... 1°09 
May "E s | 


Gieatest range=1°32 m. ? 


In 1874 Lieut. Watson R.E.* noted that the level of the river at 
Gondokoro on 19th November was 2ft. Gin. (2075 metre) below 
the maximum of that year. 

In the years 1876, 1877, 1878, regular observations were taken at 
Gxondokoro, and the curves are given by Chélu :— $ 





Y EARÓ LowEST STAGE GAUGE HIGHEST STAGE GACGE RANGE 
Ш, П). Ш. 
1870 | About Ари. 1 ..| —0:02 | September, 1.. ..| +202 | 2°02 
1877 . , Û ..| -OIl | August, 16.. ..| 1°45 | 1*56 
1878 . . 1 ..| +021 i 22.. .. 2-30 | 2:09 


1 Pet. Mitt. Ergauzungsheft II., рр. 135-140. 
> Pet. Mitt. 1575, p. 343. 

3 [ила а I.. p. 316 gives the lise up to 30 July 1871 as dft. 6 щ.=1:37 metres. 

4 M.S. Notes of his survey of the White Nile and Baht el Jebel kindly lent by him. 

5 “Је Nil, Le Soudan, L'Egypte,” Palis, 1891, р. 13. (Communicated to him by Emin Pasha.) 
6 Data taken from Chelu s diag lam. 
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In the year 1878 the river was exceptionally high and the station 
at Lado was flooded ; the rains were late and heavy. 

In 1884 Junker notes at Lado that on April 26 the river had at last 
risen a little. 

The results of the readings of the gauges erected in 1901 and subse- 
quently are as follows :— 





YEAR LOWEST STAGE GAUGE HIGHEST STAGE GAUGE hANGE 
0), | E In. in. 
1901 | February 27-28 ..| —0*06 | August 20. .. ..| 1°25 1°31 
1902 June 23 ; —0*13 i 24 uw Set 1 49 1°88 
1903 | April 4-10 O°48 | September 23, 24..| 2°96 2°48 
1904 | February 26.. 1°48 | August 24 .| 3°10 1:62 


Collecting these various data we can form a fairly accurate estimate 
of the average range of the river at Gondokoro. 


RANGE OF BAHR EL JEBEL. 


1853.. 2°05 or 2°18 Gondoko:o. 1877.. 1°56 Gondokoto 
1858.. 1°63 » 1878.. 2°09 Ж 
1859.. 1:90 Kenisa 1901.. 1°31 Е 
1561.. 1°25 Gondokovo. 1902.. 1°88 р 
1872.. 1°37 " 1903.. 2°48 , 
1876.. 2-02 ” 1904.. 1:62 " 


mean 1°76 meties at Gondokono. 





At Gondokoro gauge readings exist since 1900, but the gauges have 
been lost or moved on several occasions, and corrections have to be 
applied to make the readings of different years comparable. A sloping 
teak gauge was fixed on April 9, 1903 and since then this has been 
regularly in use. As there is no little confusion in consequence of 
the various changes, the following history of this gauge is given. 

Observations were commenced here on 6th December 1900 after 
those which had been taken further up-stream, at Fort Berkeley from 
Ist September 1899 to 2nd December 1900 were discontinued. The 
gauge was a light wooden rod graduated in feet and inches. Thismay 
be called gauge A. 

On March 27, 1901 a more substantial gauge of sheet iron screwed 
to a wooden upright, which was strutted from the bank, was fixed at 
the time of Sir W. Garstin’s visit. This may be called В and was 
divided into metres and centimetres. 





| See Blue Book Egypt No. 2, 1901, 
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On the 13th November 1902 this was knocked down in the night 
and lost, and another, C, was erected on 18th November 1902 which 
was graduated in feet and inches. 

Io avoid the uncertainty caused by such frequent changes of gauge, 
on April 9, 1903, a sloping baulk of teak was fixed parallel to the 
slope of the bank and firmly anchored back into it, so as to be out 
of the way of boats and hippopotami. This baulk is graduated 
metrically and has a mark at each 5 centimetres. It is fixed at a slope 
of 60" so that its readings require to be multiplied by 0:866 to reduce 
them to vertical metres. 

Ihese changes may be tabulated as follows:— 


IN USE 
‚ Gauge ow Dp ^o o . Reading 
From To 
A 6 December 1900 | 27 March 1901 | Feet and inches. 
B 98 March 1901 | 12 November 1902 | Metric. 
C 18 Novembe: 1902 | 8 Ари| 1903 | Feet and inches. 
D 8 Ари| 1903 to date Metric. 


Thus there has been a constant record, except from 13th to 18th 
November 1902. The correction of these different series of gauge 
readings with one another is therefore important. 
` On April 9, D gauge was erected and read 0:48 metre or 1 ft. 7 in. 
while the C gauge which it replaced read 4 in., thus the readings 
of C gauge require an addition of 0:38 metre to reduce them to those 
of D gauge. 

A difficulty arises now in connecting D gauge with C in consequence 
of the interval of 5 days between the loss of D gauge and the erection 
of C gauge. 


Ihe recorded readings converted to metres are as follows:— 


1902 metres 
10 November... ... ... ш... ee 1°37 
11 WE Ши ж шу со wm db» 
12 ۴ кы ded ais эмо uu ume 0590 
18 oe ww Ber sed жы wee DU OD 
19 a oe. wey uh ux dee ane DO 
20 5 ae ашк Шз sor cw x UP Oe 


Thus to reduce the B gauge readings to the C gauge the correction 
will be 0°64 metre if there was no fall or rise of the river betweeu 
12th and the 18th of November. 

Ihe observer, has stated that he believes the river was stationary 
between these dates, but no note was made at the time. On the 
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March 28, 1901 B gauge was fixed and read 0:30 metre when A gauge 
was reading lft 6} in. thus the correction to correct its readings to 
those of B gauge is 0°16 metre. 

These corrections are given in the following table: — 


CORRECTIONS TO REDUCE TO 


(лисе | 
А В С р 
А (0 «00 —(m-.16 (mR) — me 49 
B + 0"° 10 Ов * 00 —Qn-*64 ,۽‎ —0m:26 
C + 02.50 + 02.64 07.00 | 4059-38 
D + 0»:4? + 0% * 26 — (P *38 Ов * 00 


There is reason to believe, however, that the river must have fallen 
in the interval between gauges D and C. The amount of the fall 
necessary to render the discharges which were taken in 1901-2-3 
consistent, 15 0:287 metre. Since the river is falling in general in 
November, it is probable that its level was not maintained constant 
between gauges D and C. Moreover observations made by the flood 
discharge party in 1903 at Mongalla, Lado and Gondokoro show that 
the difference in level between the 1902 and 1903 floods was about 
0:90 metre, whereas the difference on the gauges is 1:24 metres ; thus 
additional correction of about + 0:30 metre to gauge-readings on D and 
consequently A is thereby indicated. 

A sudden drop is shown by the Gondokoro gauge readings on the 
156-40 December 1903 * which has since been found to have been due 
to an error of reading and all readings subsequent to this date require 
а correction of + 86 centimetres. On December 1, 1903 the reading of 
the vertical height of the river was 1°77 metres and on the 4th it is 
given as 0'89, ог 88 centimetres lower though before and after these 
dates the river was practically stationary. Moreover no such fall 
was shown by either the Wadelai or Mongalla gauges. 

On Plate X the curves plotted from the gauge readings at Gondokoro, 
Mongalla, and Ghaba Shambe show well the general character of the 
river's flood; the sudden flushes due to rainstorms in the eastern hills 
raise the water level rapidly at Gondokoro and Mongalla, but long 
before Ghaba Shambe is reached their effect is lost in the numberless 
channels which intersect the flood plain, and in the middle reaches a 
steady rise due to the local rainfall 15 the result. Репеу from his 
own discharge observations south of Gondokoro at the Makedo rapids 
deduced a discharge at low stage of 330 cubic metres per second, 


! Report оп the Uppel Nile. Plan IV. 
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volume of a small channel has been added) that the whole river has been 
measured, west of both the Mongalla and Bor main channels there are 
others carrying a certain volume northwards which are not included. 








a i - : . Gondo- 
Kilometres И Mean |Section-| Mean Dis- к 
l'LACE {Топ DATE Width С: pa 
Albert lak depth | al area jvelocity | chalge ашке 
elt lake leading 
m ni in n? 10.р.8. n?.p.8. n 


Lado.. ..| 404 | 28-3-1901 | 231] 3°37 | 779 | 0:726| 566 | 0-22 

aM IM 1-4-1003 | 298 | 2:58 | 615 | 1060| 641 | 0-19* 
os. .. 419 | 14-5-1904 | 293 | 3:33 | 1084 | 1-09! 1138 | 1:39* 
2 2 | 1033 | 01929} 960 | 0°85 
) 


ss. e| 40 | 9-9-1902 > 
"GO | 1347 | 1:372| 1847 | 2°03" 


T ° ө e ө $3 90-9-1903 








* 30 сопитейез have been deducted fiom the gauge leadings lecolded оп each of these dates 
since all available evidence seems to shows that when uo gauge existed fiom 11-18 November 1902 
the livel fell by this amount. 


To four of these discharge the volume of a small channel east of the 
main stream has to be added. 


Kilomettes EORR IT i 
PLACE flom DATE Width ТИ ee РРА 
Albert lake depth alea velocity 
m і. m. ni?, 1n.p».8. HEPS. 
Lado ..| 410 | 29-3-1901 | 70 1°10: 77 0.741 | 57 
al у 1-4-1903 | 70 0°54 38 0*616 | 52 
ou „ 13-9-1902 | 80 1:54 | 123 0:968 | 119 
"m 3 8-9-1903 11 3.24 228 0*083 | 224 
So that the total discharges were: 
Low stage Flood stage 
m? р.5. m3 p.s. 
90.3.01... 623 0.9.02... .. .. 1079 
1.4.03... ... .. 698 9.9.08... ... .. 2071 


14.5.04. ... ... ... 1138 


that of 1904 being measured at a different point to the others. Com- 
paring the volumes discharged, 1903 a year of heavy rainfall, shows 
the highest value but that of August 1904 must have been larger as 
the gauge readings were higher on account of the much higher level 
of lake Albert in this year and consequently the increased discharge 
from the lake as the Wadelai gauge records. 

Scouring of the bed in 1903 to the extent of one metre at the point 
where the measurements were made near Lado has been assumed ’ 
though it is not clear on what ground, for while the mean depth 
increased from 4:62 to 5:60 metres the gauge reading increased from 
0:85 to 2:03 metres, an even greater amount, and the flooding of the island 
opposite the Belgian station of Lado fully bears out the exceptional 


Е 
- 


| Willcocks. "The Nile in 1904," London, 1904, р, 23. 
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In the third reach from Hellet Nuer to Lake No the volume of 
water shows but little variation. 


Kilomet les 
PLACE from 
Albeit lake 


Hlellet | 04 7 
Nuci | 943 

- 1003 

T 1003 
Neu | 1142 
mouth 1146 
- 1147 
1147 


In April 1859 de Malzac’ 


DATE | Width 


Mean | Sectio- 
depth {nal атеа | velocity 


Mean 


Dis- Stage 
chalge | of иле! 


13-4-1903 04 | 4°08 
1-9-1903 93 i 5°11 
1-4-101 102 | 1*71 
2-9-1902 101 | 4°72 

14-1-1900 59 | 5°08 

14-4-1903 40 | 5°58 

22-5-1904 T4 | 6°20 

3°62 


21-8-1408 | 19 
| 


302 
478 
155 
211 
262 
424 
452 
441 


Lii. p.8. 


0* 883 
(° 784 
0*540 
O° 652 
0* 820 
0* 706 
0* 701 
0:722 


1)*.р,5, 


33| | Low 
375 | Flood 
202 Low 
333 | Flood 
219 | Low 
285 
324 , 
318 | Flood 


9 


measured the Bahr el Jebel above its 


junction with the Bahr el Ghazal and found it 187 metres wide and 
5°75 metres for the mean depth, 10 soundings at 10 to 16 metres 
interval were taken ; this together with the velocity recorded, 1°66 
metres per second would give a discharge of 1226 cubic metres per 
second which is incredible, but if the velocity be halved the discharge 


is still abnormal. 


charged to be 235 cubic metres per second. 
At Hellet Nuer in September 1902 Mr. J. I. Craig collected a sample 


of water which was subsequently analysed in the laboratory of the 
Survey Department. * 


Suspended matter 


Dissolved matter 


i Bull. Geog. Кос., Palis, 


2 Ву Mr. A, Lucas, 


| Oreanie matter 
] Mineral matter 


Silica.. 


Iron und АГЫШ. ЖО бз. 


Lime ... 

; Magnesia ... 

| Sulphuric Acid 

| Nitric acid 
Nitrous acid 
Chlorine ... 

| Potash and sdi? 


on April 25, 1863 made the volume dis-‏ ای 


Constituents 


per million parta. 


Total nidi: mi utin 


f Actual or saline ammonia ... 
Ammonia from organic matter 


Caibon dioxide and or sanie m: natter ! 
Total dissolved matter 5 


1862, p. 219, 


3 Sample too small for detelmination, 


4 » » » » 


5 As actually determined. 


» but both wele present. 





Zo 
36°0 
38°2 

0:215 

0O00 
28°70 

4°10 
15:70 
11°20 
'Tiace 
Tiace 
Nil 
10°44 

not detd 


33 99 


16400 
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Bahr el Zaraf.—The Dahr el Zaraf has always been treated as if 
it were a true branch taking off a share of the Bahr el Jebel but it is 
permissible to doubt whether this is strictly the case. 

It seems very doubtful if “sadd” blocks in the Bahr el Jebel 
have ever diverted its water in any quantity to the Bahr-el-Zaraf. 
Records of such obstructions are few but it is known’ that only 
in 1879 was the main channel blocked near Ghaba Shambe, and in 
1879 and again of late years at Ghursa cl Kilab, a point just up 
stream of Hellet Nuer; but neither Emin Pasha in 1879 or the Sudan 
Government steamers in recent years found any serious difficulty in 
passing these obstacles by side channels or the lagoons formed by 
the flooded areas of swamp. In either case there seems no reason 
to suppose that much water was diverted to the other stream, and 
certainly neither Baker in 1870 and Henri in 1900 found their 
passage through the intervening swamps much facilitated, when the 
Bahr el Jebel was blocked. 

In the net-work of channels which intersect the swamps east of Ghabha 
Shambe there have always been some which have carried water into the 
low ill-defined swamp area which supplies the upper part of the Bahr 
el Zaraf withits water ;? at times some one channel may possibly have 
been scoured out when the Bahr el Jebel has been blocked by sadd near 
this point, sufficiently to connect the Bahr el Jebel and the Bahr cl 
Zaraf by a navigable waterway but no record exists of such a state of 
things except when Sir 8. Baker, оп his return in June 1873, found 
that the channel which he had eutin 1871 was still open. When Com- 
mandant Henry in 1900 passed up the Bahr cl Zaraf and into the Bahr 
el Jebel, he had the greatest difficulty in doing so, having to traverse 
channels but a metre or two wide, and at other points open sheets of 
water only 20 centimetres deep," though the Bahr el Jebel was blocked 
at the time. 

It has a meandering course of about 340 kilometres but for the last 
30 kilometres it can no longer be recognized as a river amid the lagoons 
and minor water-channels which intersect the low-lying plains. [ts 
banks do not rise above the general level of the plain as they would had 
16 been a silt-carrying river, and indeed there is no part of its course 
where there is any considerable erosion going on for it to obtain a load 
except what a rainstorm may wash 1n; starting from shallow swamps 
it flows down the slope of the country and like many similar streams 


1 138. 

p. 
2 Liddell. Geog. Jouri. Dec, 1904 р. 651 and Верой on the Upper Nile Appendix VI. 
3 Bull. Soc. Etudes Coloninles 1902. Nos. 1-11. Blussels 1902, 
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on the alluvial plains east of the Bahr el Jebel and south of the Sobat, 
it has cut down directly into the sandy alluvium sufficiently deeply to 
carry its ordinary volume. This eroding action is probably assisted in 
its early stage by the heavy storms of rain which fall very locally, 
flooding the lower lying depressions which are drained off into these 
surface streams like the Bahr el Zaraf, the Khor Filus, and the upper 
Pibor; if the area which can be so drained is large the stream soon 
scours а well defined channel for itself. But such raiu-water draining 
from open flooded plains can carry no large load of silt, so that it 
is erroneous to say that the Bahr el Zaraf once carried water other 
thanthat brought down by Bahr el Jebel since it has banks of solid 
earth. ' 

Ihese banks were not formed by the present stream but are part 
of the great alluvial flood plains formed from the destruction of the 
old plateau to the south, of which Jebel Zaraf is no doubt an outlier; 
and they were laid down before the present stream commenced to 
flow. 

At the time (1840) of the expeditions sent by Mohammed Ali to 
discover the sources of the Nile, no mention is made of this tributary, but 
its mouth may have been screened by vegetation, nor is it mentioned 
by Knoblecher in 1849. In December 1853 Petherick? described this 
river at its mouth as about half the size of the Sobat, that is about 45 
metres wide. Between that time and 1861 it was well known to the 
ivory hunters and slave traders whose men traversed its whole length 
and found no difficulty in taking boats up it. ° 

The earliest measurement of it that we have 1s by de Malzac * on 
the the 5th April 1858 :— 


Distance fiom left bank in meties 1:5 45 10:5 13:5 15 
Depth, in meties ... ... о... ... 14 1:7 23 г 0 


giving a sectional area of 24:4 sq. metres while the velocity was 21:35 
metres per minute or 0:356 metre per second ; which corresponds to a 
discharge of 8:7 cubic metres per second. It was therefore at this 
time little more than a drain for the rainy season. 

In 1863 Petherick measured a discharge also in April, and obtained 
a result of 1655 cubic feet or 47 cubic metres per second. both of 


mdr rmi ur 


| Willcocks. “The Nile in 1904," p. 36. 

? Egypt, Sudan and Cential Africa, p. 36], 
3 Bull. Soc. Geog. V, З p. 49 Paris 1862. 
4 Bull. Soc. Geog. [V.2, June Palis 1862. 
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el Jebel when free from sadd, and when the Sobat is not hold- 
ing back its water 1:56 metre per second for the Dahr el Zaraf 
seems far too high as compared with 0:7 and 0:8 metre per second for 
the Bahr el Jehel. If we take 35:5 metres as the mean depth and 0*6 
metre per second as the velocity, the discharge will be about 113 cubic 
metres per second, a much more probable value when we remember 
that the Sobat was bank-full on February 17, 1870, and running with 
so strong a stream that the Nile water was dead for some distance 
above the junction.’ This observation is horne out by the fact that 
the Nile at Aswan in September and October was more than a 
metre above the average showing that autumn rains in Abyssinia 
were very heavy. 

In latitude 7? 47’ 46" N Baker found the river completely blocked with 
thick grass and other vegetation and finally he was obliged to return 
to the mouth of the Sobat till after the rainy season. 

In March 1871 he found however the channels communicating with 
the Bahr el Jebel were choked with vegetation and shallow, and had 
immense difficulties in cutting a way through for his vessels. On his 
return he found that the channels were still open in June 1873 and 
though narrow had deepened considerably.” 

Marno in 1879 steamed up the Bahr el Zaraf and made what 
is still the best existing map of the river.” From the mouth as 
far as the site of the former zeriba of Kutchuk Ali lat 8° 20' N. 
both banks are sparsely wooded, but above this there are only deleb 
palms for another 40 kilometres, beyond which the swamps commence 
in which there are a maze of small water channels and lagoons 
with occasional patches of higher ground on which a few acacia 
bushes grow amongst the rank grass. In the rains much of the plain 
through which the river flows is flooded, and in 1900 Sir W. Garstin 
saw marks of the plains having been previously flooded to a depth 
of one metre. * 

Major Liddell also notes that in marching from the Sobat to the 
Bahr el Jebel several shallow depressions which are flooded in the 
rains were passed. These taken in connection with Marno’s map of 
the Bahr el Zaraf show that low ground drains towards the river from 
the south-east as indicated on Plate XI., where the wide area of marsh 
which supplies this river is approximately indicated. 


t Jout. Roy. Geog. Soc., 1874, p. 38. 

? [smailia IT, 480, 

3 Pet. Mitt., 1881, p. 417, see also 1873, р. 130. 
4 Report on the Upper Nile, p.127. 


PLATE XII. 


SECTIONS OF THE BAHR EL GHAZAL AND BAHR EL ZARAF 


BAHR EL GHAZAL No. 1 33 Km. from mouth 31-8-02. 


BAHR EL ZARAF 
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It is certaiily incorrect to coisider the Bahr el Zaraf as a braich of 
the maii stream analogous to the bifurcations which take place i1 the 
deltas of silt-carrying streams where the malı stream builds up baiks 
parallel to its course by the depositio: of its silt, until finally the flood 
plains further from the maii channel lie at a lower level thai the flood 
level of the river. If these baiks are breached ai arm of the river is 
formed which flows through these lower lands to the sea, becomes 
permanently a1 arm of the malı stream, and gradually builds up its 
own banks ina similar manner. The Bahr el Zaraf shows no sigi of 
having beer so formed, but rather that it has cut its bed out of the 
alluvial plaiis so as to drain off the a11ual га11ЇаП of that part, which 
it seems to effect by discharging a volume which varies from 30 cubic 
metres per secoid i1 dry years up to about 17011 rainy ones. but the 
measurements takeı in May 1904 show that if the water level at low 
stage is high in conscquence of the Albert lake being high, the marshes 
i1 which the Bahr el Zaraf rises are more submerged and a larger 
volume 1s draiied off, while heavy sammer raiifall o1 the marshes east 
of Ghaba Shambe will also give a good supply at low stage, 1905-6. 


The Bahr el Ghazal.—The Bahr el Ghazal basin includes: an 
area of about 552,100 square kilometres, made up of the proviice of 
the same name, the south-westeri correr of Kordofa1, aid the greater 
part of Darfur, but 01 account of the peculiar physical coiditions 11 
the area where the run-off finally collects, the rainfall of this great basii is 
almost without effect upor the Nile. In consequeice of this, less 
attention has bee devoted to this part of the Nile Basin ал to other 
parts, but it is far from being waiting in interest since it repeats 11 
its streams from the south on a smaller scale the same rapid traisitioi 
from a stream in its hill stage flowing dow1 a narrow rocky bed with 
considerable velocity, to the level flood plain where it occupies а wide 
and shallow valley which 11 its lower portion becomes а swamp, flooded 
11 the rainy season as we have зеет 11 the Bahr el Jebel. The basin 
is bounded on the east by that of the Bahr el Jebel, while on the south 
side the limit follows the Nile-Coigo watershed to a point somewhat 
west of Hofrat el Nahas; from this point it ruris almost orth for about 
550 kilometres through Jebel Marra, aid thei turis south-east 11 a’ 
early straight lire to lake No. Except Jebel Marra (about 2000 
metres) the altitude of the basi1 is everywhere moderate, and oily 
rarely does the Пле of the south aid south-west watershed reach 1000 
metres above the sea. 

The character of the couitry charges from south to 10rth from park 
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passiig through savaiiah and finally irto steppe coriditiois т 
Kordofan. АП along the southeri limits of the basii is a fertile 
couitry with 1umerous groups of trees, especially 1ear the streams, 
the wood-laid savaniah of Schimper," while further north the true 
ѕауал лаһ occurs, with trees growing 11 the valleys of the rivers, the 
‘oallery forests" of Schweinfurth ^ Ii the lowest reaches of the rivers, 
where owiig to the feeble slope of the couitry the grouid is always 
water-logged, swamp vegetation replaces the shrubs and trees of the 
porous laterite soil of the middle reaches. To the west savainah alore 
occurs, while orth of the Bahr el Ghazal aid Bahr el Arab in conse- 
quence of the rapidly dimiiishing rainfall aid the 11creased effect of the 
dry 1orth-east wiids which blow for 8 mouths of the year, the savai 1ah 
type of vegetation becomes more and more typical of a dry climate, 
scattered patches of thori forest occur till at last it gives place to true 
desert, but this lies outside the limits of the Bahr el Ghazal basin. 

The geology of this part, so far as it 15 kiow1, seems fairly 
simple. The gneiss, more or less graiitoid 11 character, crops out as 
low rouid hills, or sometimes as steep crags, from the deposit of 
laterite which usually covers it, the decomposition product of the 
gieiss itself. The laterite in its more ferrugiious portiois furiishes 
the natives with an iron ore which they smelt and work. At Hofrat 
el Nahas copper occurs aid is worked by the natives. Further to the 
north Jebel Marrah is a granite mass aid forms part of a wori dow 1 
range of crystalline rocks which exteids through lordofan. The 
lower portiois of the basin are filled with a saidy mud washed dow 1 
from the higher lards aid mixed with the carboiaceous material 
derived from the decay of the swamp vegetation. 


Climate.—The climate does not differ 11 the southeri part from 
that of correspoidiig portiois of the Bahr el Jebel, while the 10rtherà 
part correspoids rather with that of Kodok aid the southeri portio 
of the White Nile. At Wau alore have ary observatiois beer taker 
aid these are giver 11 the followiig table. 


WAU 


DATE Jan, | Feb. | Mar.| April] May June | July | Aug. Î Rept. | Oct. | Хох. | Dec. | Year 
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Mean Temperature (Centigrade) 


August 1902-July 1903 | —— 
and June 1904-A ril 1905 ? ^t. |206 
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2076 








20. 25-8 |20-0|30-4 20-4 [2n 0|24-0 
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! Plant Geography, Ch. V. 
* Heart of Africa, vol. 1, p. 504. 
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DATE Jan. | Feb. | Маг. April) May {June} July} Аас. | хер Oct. | Хох. | Dec. | Year 
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Mean Maximum Тет erature 


June 1904-April 1905 ... ... 3-1 [86-1 [ens Pa [81-7 38°2 





29-3 [30-3 [32-3 








34-2[33-9[33-8 
Mean Miniinum Teinperature 


1-1 [18-4] 21-1 23-4 7 21-7 





20:520-% 








20-7 | 20-2] 19-3] 16-1 [20-1 
Mean Daily Range 


„ MEN zo pi nera] .. 10-0 3-8 о-в] ОТ ШЕГУ: 





Mean Relative Humidity 96 (at 8 a.m.) 

















s ess | AB | 2ü | 37 | Y | | г 82| « 7e 78 | 61 | 37 | 59 
Total Rainfall | 
1902 T fae fae | ee foe dee | ee | 15] 1813 | ЕНН 51 
ооз | Rainy days.) | ‘j | | | 3 | io | te] “of m|cssst..|.. p. | n] м 
1904 in mm. ... .. .. .. < 36 >| 19 | 131| 1659| 107| 120| 77| 46 | 10 0 | 714 
1905 in mm. ... ... .. .. 0|] Of OF Bt м ин 94| 266| 146| 60 | 99 | 0 | 918 
Mean... a. ... oe do we | oe | 22 | TOO 172i 100| 193| 112| 53 | 54 о | S33 
PERCENTAGE FREQUENCY OF WINDS 
Wau.—Auvust 1902—J uly 1903 and June 1904—April 1905 (3 a. m.) 
MONTH N. NE. E. SE. <. SW. W. NW. | CAL 
January ..| 92 0 0 () 3 0 () T 5 
February ..| 98 0 () 2 0 () () () 0 
March.. ..| 92 0 Ü () () 8 ( 0 0 
April .. ..| 36 0 0 17 30 17 () Ü () 
May .. .. 0 () () 0 | 100 () О () () 
June .. ..| 17 (1 () 15 65 () T (1 U 
July .. ..| 99 () () 19 97 2 0) 23 О 
August — ..| 24 2 () З О 5 () 22 32 
September .. 0) 3 () 17 (} 50 () () 20 
October .. () 6 () 35 T () () () 59 
November ..| 39 10 Ü 19 0 ( () () 32 
December ..! 73 10 0 3 () () 0 () 14 








On the laterite plateau of the Bahr el Ghazal region a dry aida wet 
seaso1 are sharply demarcated ;' the rains cease iı November, the NE. 
winds commence, aid the sky clears. This clear weather co1t11 ues 
throughout the winter, uitil May, whei clouds begin to gather aid the 
wiid shifts to the south ала south-west, while the first showers of raia 
fall aid thunder-storms are 10t 11frequent. 


! Dyé. Ann. de Geog. 1902, p. 324. 
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0:5 metre per secoid; it 15 probably here 11 its valley tract for at the 
eid of July 1877 Juiker found it 80 metres wide flowing as a placid 
stream betweei barks 2 to З metres high. About 56 kilometres lower 
dow at Ayak (500 1n.) it esters its plain tract aid flows 11 a bed some 
10 metres wide in a valley flooded 11 the raias. Juiker found it here 
at the eid of July 1877 160 metres wide aid 2 to 2:5 metres deep, 
while 11 the wet year of 1879 Felkin? fouid it 40 metres wide, 3:5 
metres deep and flowing at 0:5 metre per secoid, thus dischargiig 
10 cubic metres per secoid, but the flooded valley here seems to be 
treated as stagiant, aid 10t coitributing to the discharge. 

Ihe Jau rises 11 lat. 4° 40° aid flows northwards; where crossed by 
Schweiifurth in lat. 6° N. it was, in January 1870, 12 metres wide aid 
1 to 1-5 metres deep, but was 4 metres deep in flood. It seems to 
eater its plain tract about lat. 7°N. 1ear Lang (470 metres) aid was 
fouid 11 January 1877 by Juiker* to be 180 metres wide ала larger 
thai the Rohl at Ayak. Felkin gives for about the same place 11 
October 1879, 40 metres wide aid 4°5 metres deep, flowing 0°75 metre 
per secoid. If the mea: depth be coisidered 3 metres this would 
correspoid to a discharge of about 90 cubic metres per secoid. When 
crossed by Felkin the coutry west of this point drained by the Khor 
Makaki was flooded to a depth of from 60 to 150 centimetres. 

The river To1j rises as the Ibbah 11 lat. 5°15’ N. and flowing in а 
1ortherly direction finally joiis the Jur to form the Bahr el Ghazal at 
Meshra Rek. Schweiifurth crossed it on June 24 1870 1ear Mbomo 
Zeriba* where the baiks were high aid well wooded ; here the river 
was 18 metres wide, depth iowhere less thai 3 metres, and the 
velocity about 0°58 metre per second, correspoidiig to a volume of 
31 cubic metres per secoid. It eiters its plain tract 11 about 
7°10’ N. lat. 1ear Jur Ghattas, aid was fouid by Schwenifurth? 11 
April 1870 flowing betwee1 precipitous baiks 4 metres high, 1 to 2 
metres deep, aid some 10 metres wide; 11 November it was 60 metres 
wide, and flowing 0:60 metre ] er secoid. In the wet seasoi® July 
1870, he fouid it 30 to 35 metres wide, 7 to 8 metres deep, aid 
flowing 0:40 metre per secoid, equivaleit to discharging a volume of 
90 cubic metres per secoid. The valley for 3 kilometres o1 the left 
бал К was a metre ил ег water. 


———— س‎ [= s "———— = = 








! Junker and Hassenstein “Pet. Mitt. Erganzungsheft," 93. 
3 Uganda and the Sudan IT, p. 143. 

3 Travels iu Africa, Vol, 1. р, 398. 

4 The Heart of Africa, II. p. 244, 

5 The Heart of Africa, I. р. ISI. 

6 The Heart of Africa, II. p. 269. 
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The Molmul has a short course rising but a little tothe south of Jur 
Ghattas aid flowing to the Bahr el Ghazal a little west of Meshra Rek. 

The Jur, formed by the junction of the Wau and the Suei, is the 
principal tributary of the Bahr el Ghazal; of the two the Suei is the 
priicipal stream rising iı Mount Daginse which has ai altitude of 1250 
metres 11 lat. 4° 25’ N. aid flowing 1orthwards, at first 11 a ravine 
excavated 11 the plateau aid filled with a deise growth of trees, while 
o1 the plateau itself the park or savaiiah type of vegetation prevails. 
By lat. 6° the altitude of the plateau has falle: to about 1 00 metres 
while ол reaching Wau, where it eiters its plain tract, the level is 10t 
more than 450 metres above sea level and is probably less. From 
lat. 7° 20' N. its character begiis to charge aid the river no loiger 
flows 11 its bed cut 11 the plateau, but a broader valley opeis out 
which is flooded 11 the rainy seasoi, said baiks appear 11 the bed at 
each beid of the river, aid rocks become fewer. Бу lat. 8° №. the 
valley wideis coisiderably aid soor after opeis out into the marshy 
plains of the Bahr el Ghazal ; rocks no loiger appear aid trees become 
rare, While flat alluvial deposits of sand aid clay, 01 which grow reeds 
aid grasses, replace them. The Jur is iavigable for part of the year 
Oily, its waters falling too low 1n the spring aid early summer to admit 
of the passage of steamers; up to the latter part of October however 
steamers of light draught can go about 110 kilometres above Wau at 
which: point there is a small rapid; about 20 kilometres further south a 
ridge of rock preveits access to the upper reaches i1 boats. Voi Heuglin 
crossed the Jur dowistream of Wau on April 1, 1863 aid fouid the 
water surface 160 metres wide, flowing between baiks 4 to 5 metres 
high with a velocity of about 0:4 metre per secoid. Felkin crossed both 
tributaries a short distaice above the juictio1 11 October 1879 aid 
fouid the Jur 180 metres wide aid very deep ; the Wau was 72 metres 
wide. Schweiifurth gives several measurements of the Jur all taken 
in about lat. 7° 30' N. withia a few kilometres of оле ато ег aid the 
results are arraiged from iorth to south 11 the following table :— 


DATE Width of water Deyth Surface velocity 
metre metre metre per second 
a 28, 1869... 21 0*3-1*2 з — 
May 8, 1869 ... o0 0*1-1*3 -— pus 
Oct. 1, 1870 ... 90 l's-6*0 0*6 Valley flooded. 
Dec. 18, 1870 ... 99 0*1 es "e 
Dec. 25, 1970 ... 150 0*1 — About half flood. 


! Uganda aud the Egy tian Sudan, Ц. 175. 
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The Wau is the smaller stream aid 11 Jaiuary 1871 was 43 metres 
wide aid 1 metre deep flowing with a velocity of 0°5 metre per seco1d. 1 
Felkin 1ear the same poiit fouid it in October 1879 72 metres wide 
aid flowing 1 metre per secoid, it is here 11 a broad flat valley which 
is flooded i1 the rainy зеазол for several huidred metres, but 11 the 
dry seaso it coisists of a series of pools with small rills of water trick- 
liig over a saidy bottom. 

At the preset Wau post the rise aid fall of the Jur has bee: recorded 
for the last few years. In 1901 it rose 2-7 metres betwee1 May 26th 
aid September 16th, aid fell 1:4 metres by 18th October. 


MEAN River GAUGE READINGS RECORDED АТ Wau (IN METRES) 




















1904 L905 
MONTHS aire 

Mean? | Highest | Lowest | Average | Range | Mean? | Highest | Lowest | Average | Range 

|} | | ——_ ا ا‎ 
January se .. 1 —40.23 |—0:08 1—4`32 |—0-20 0:21 
Februarv . ..| ; No observations previous to Abril 10th.|—0.36 1—0:31 1—0*:42 |—0:36 | 0-11 
March T —0+50 |—0*43 1—0*56 |—0-*50 0.13 
А »ril T си —0:02 |—0-18 |—0*10 | 0*16] |—0-59 |—0:53 |062 |—0:58 | 0-09 
May.. : 0*12| 0:38 |—0-0t 0:14 | 047. [|—(r37 |— "9:17 |056 |—0*36 0*39 
Jute. 0*37| 0'87 0*12 0°50 | 0°75 ]|—U0U*01 0:254 [—0*33 0:192 | 0:9] 
July . 2:11; 3°02 U*86 1*94 | 2°16 0*53 1.32 0.15 0*75 1°14 
August .. 3°54) 4°04 3:07 3°56 | 0-97 1*18 1.70 0.20 0*95 1°50 
Ne) tem ber 3-10] 3:96 | 2°26 | 3-11 | 1°70 2:08 | 2°39 1-75 | 2.07 | 0°64 
October .. pej 2-92 | 1:58] 2-24 [1:36 | 2:10 | 2:87 | 1:45 | 2-16 | 1:42 
November. .. 1°28; 1.50 07:53 1*16 | 1°27 1:9 2'(14 1۰04 1:90 1.73 
December ,. 0*13| 0:48 |—0*11 0:18 [0-59 0° +!) 1-02 0.07 0*54 0۰05 


1,94 

1:04 [018 1:93 | 4°22 

Aug. 4 | Apr. 13, s 
l4 & 17 


Mean .. [ 1°39 
YEAR? Extreme Mus 
Date 


0* 89 1°42 | 1:05 0*5] 0*93 0*16 0*54 Q* Ti 
| .. | 2:87 |—0+62] 112 | 39 
Oct. 29|Арг. 14, ave 

and 30 | 20 & 22 





* Mean derived from daily readings. 








Ihe Болго 1s a smaller stream which flows in а iortherly direction 
to join the Lol which i1 its turi flows to the Jur. The Boigo in 
Jaiuary 1871 at Damuri (lat 8° N.) was fouid by Schweinfurth? to be 
oily 15 metres wide aid a metre deep, though 11 the raiis it floods its 
baiks aid carries a coisiderable volume of water to the Jur. 

Omitti1g 1umerous small khors there now remaii oily three mai 1 
streams which flow from the wester1 watershed to the Bahr el Ghazal; 
these are the Lol aid the Kir which rise iı the Faroge couitry to the 
west, aid join respectively the Jur aid the Bahr el Ghazal, aid the 
Bahr el Arab, rising 11 the hills rouıd Hofra el Nahas aid haviig 


tributaries which come from Jebel Marra 11 Darfur, which flows 11to 


— -— —ш = == س‎ ee — س‎ — 
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1 Schweinfurth, Pet. Mitt., 1872, p. 281. 
2 The Heart of Africa. LI, p. 345. 
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south aid the kordofan-Dorku ridge which exteids to the mouitaiis 
of Tibesti, while the high laid of Jebel Marrah 11 Darfur joins the 
two aid divides the basin of the Bahr el Ghazal from that of Lake 
Chad. At the preseit time almost 10 geological examiiatioi of this 
couitry has bee1 made ' so that all assumptiois of earth movements 
are purely hypothetical. It is however remarkable that we have a 
low lying area with almost 10 slope lying betwee1 two higher ridges of 
crystalline rocks; the southeri ridge shows a much steeper slope on 
its 10rth face towards the Nile thai on its souther1 or Corgo face; the 
direction of it is parallel to that of the upper reach of the Bahr el Jebel 
from Nimule to Lahore where a fault valley cai hardly be doubted ; 
so that it may be suggested as not impossible that the drainage line of 
the Bahr el Ghazal cuttiig, as it does, across the geieral slope of the 
couitry, 1s due to earth movemeit which has so tilted large blocks as 
to produce a lowlyiig area which iitercepts the drainage aid leads it 
eastwards. Owiig to the fact that the 1orthwest axis of movement 
was liclied to the geieral iortherly slope of the couitry, the same 
chaige from mouitaii tract with rapids and waterfalls to valley tract 
where the stream has carved а well Чей ле chai el 11 the plateau, aid 
finally to plaia tract with low-lyiig areas flooded 11 the галу seasois 
aid ofte1 occupied permaieitly by swamps, occurs in each stream; 
but with the differeice that the plain tract becomes loiger aid more 
Importait as we pass froin the west to the east aloig the slope till it 
reaches its maximum developmeit in the Bahr el Jebel. 

To-day the part played by the Bahr el Ghazal in the regime: of the 
Nile is a wholly uwiimportait опе, 11 spite of the very large quantities 
of water which this slope of the couitry pours 11to the marshy plaiis 
at its foot. 

Knoblecher in December 1849” says that the mouth of the Bahr cl 
Ghazal could зоё be see1, so probably it was small. Petherick’ gives 
it as 20 to 40 yards wide, 20 feet deep, aid flowing a quarter of a mile 
ал hour or 0°37 foot per secoid 11 December 1853. Brui Rollet* 11 
February 1856 fouid it at its Junction. with lake No 50 to 60 metres 
wide including the reeds which occupied o1e-third of the chaiiel; the 
depth varied from 3 to 4 metres. These data do 10t bear out the 
suggestion which has been made, that before 1860 the Bahr el Ghazal 
was much larger than it is to day. 


1 But see Preumont in “ Quart. Jour. Geol. Soc.,” Aug. 1905, р. 611. 
? “ Reise auf dem weissen Flusse, Klun,” Laibach 1850, р. 11-13. 

з Egy,t, the Sudan and Central Africa, 1861, p. 361. 

4 Pet. Mitt. Erganzungsheft 7, 1862, p. 18. 
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Discharges have bee1 measured ол several occasions in the Bahr el 
Ghazal about 50 kilometres from Lake No with the following result :— 


Distance 


m үн Width Re Maximuin X takes 

lake No area m? deth velocity 
kilometres m. nı. ui, m. .8. t. p.8, 
Apri] 1, 1900... ..| 51 79 161 4:3 | O11) 34 
T 2, 1901... x 33 84 149 4*0 0*181 21 
,  15,1903.. ..| 50 84 200 44 | 095 | 23 
Aug. 31, 1902... ... 33 49 86 2 0:172 15 
„4 30, 1903... ww 28 ТО 52 0*5 0*231 12 
sept. 21, 1908... ...| 32 10 104 5*3 0*192 20 


De Malzac? ол April 6, 1859 fouid it 179 metres wide at а point 
200 metres upstream of lake No, 1:67 metres in average depth aid 
flowing 0:607 metre per secoid, thus discharging 182 cubic metres per 
seco1d, but this velocity is quite inadmissible. Petherick,’ A pril 25, 1862, 
fouid its discharge to be 86 cubic metres per secoid by deductiig his 
measured discharge of the Dahr cl Jebel from that of the White Nile. 

From these it appears that еуел in September oily ai insignificant 
amouit of water passes. 11 November 1898 the rise of the water level 
at Meshra el Rek was oily 22 ceitimetres above what it was in July, 
aid 11 spite of the volume poured iito the marshes by the Jur aid 
other rivers * the velocity somewhat 10rth of this was but 0:22 metre 
per secoid 11 September, though 11 the 1arrow chai1iel further on it 
reached 0:55 metre. The maximum level i1 the Bahr el Ghazal is 
reached i1 November aid December and as this is two months later than 
the flood of the Suci, the Wau aid other tributaries, it is evideit that it 
is the level of the flood 11 the Sobat which keeps up thelevel. For the 
preseit ез the Bahr el Ghazal as a coitributor to the Nile supply i1eed 
10t be фаКе1 11to accouit siice the quantity it furiishes is so small, 
aid 10 chaige is to be anticipated, uiless earth movements 11crease 
the slope of this part of the couitry, uitil the prese1t swamps become 
filled with alluvial detritus aid the grade of the river bed is thereby 
so modified that its waters flow 11 a defined chai el 11stead of being 
lost as at preseit 11 the water-logged flood-plaiis. 

sir W. Willcocks ° holds that its fuictioi at preseit is to keep wet 
the swamps between it aid the Bahr el Jebel without which he coisiders 





- ——- шош 








t The area of clear water in the section ; the remainder is filled with reeds and grasses. 
2 Bull. Soc. Geog., Paris June, 1802. 

3 Proc. В. Geog. Soc., vol. VIII., p. 142. 

4 Dyé. Annales de Géograyhie, 15 July 1902. 

5 The Nile in 1904, p. 36. 
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that the waters of the latter stream would be lost by percolatio1 11 
them and the White Nile would be left dry, but this is to misuiderstand 
the reeunen. of the two streams. The Bahr cl Ghazal draiis off the 
surplus water which evaporation and absorption by vegetation have 
10t removed, ип lf the supply was less, the swamps would become 
reduced 11 area; the Bahr el Jebel with a free flow dowi the White 
Nile would certainly not flow upstream to the marshes of the Bahr cl 
Ghazal, at low stage though during the flood period of the Sobat, the 
low-lying area of the White Nile and lake No would be flooded as it 


is to-dav. 


The sadd.' —The accumulatiois of vegetable matter which from 
time to time block the chainels of the Bahr el Zaraf, Bahr el Jebel, 
Bahr el Ghazal, the Jur, and the White Nile above its juictio1 with 
the Sobat cai form a serious obstacle to 1avigatio1 aid have to be 
take1 into coisideration 11 ary scheme for the training of the rivers 
11 this part of the Upper Nile. 

From the difficulties which they have preseited to expeditiois such 
as Baker’s in 1870-71, and the way 11 which they completely cut off 
Emi: Pasha from communication with Khartoum and Egypt 11 1878- 
S0, these obstructions have come to be coisidered a straige aid mys- 
terlous pheiomeioi1 of these rivers; their effect ш holding back vast 
stores of water which would be set free o1cethe sadd was removed has 
repeatedly been dwelt upor by writers who have not realised the со1- 
ditions which prevail. The terrible experieices of Gessi Pasha, who 
with 500 mei was blocked i1 the Bahr el Ghazal for three aid a half 
moiths uiable to force his way through until Mario came to his assist- 
ance, aid released him whe1 400 out of 500 mei had died aid stores 
were exhausted, gave a vividimpressioi of the difficulties of dealing with 
chese vegetable accumulatiois with 10 curreit to assist 11 their removal. 

Mario’ gives a good descriptio: of the “sadd” 11 the Bahr el Jebel 
which he was employed for тазу moiths 11 clearing, aid polits out 
that whei the rainy season is of exceptional violence aid lorg 
coitiaued, the rivers which caiiot еуел 11 ordinary years carry off 
the flood discharge, now overflow to form a flooded area of large 
exteit." Vegetation is carried by the wind aid curreit out of the 
lagoois lito the river where it forms blocks 1n the sharp turis and 











1 Arabic J. sadd—to dam: in the interest of accurate terminology it is very desirable that the 
term “sadd” should be restricted to the block of vegetable matter in the river channel. It has of 
late been loosely used for the class of vegetation which grows in the swamys, the region of the 
зма уз and even a tvye of country where swam)s )redominate. 

2 Pet, Mitt. 1881, p. 413-26, 

3 This statement has now to be slightly modified in view of the effect of the Sobat iu flood, 
see Cha). IV. 
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Maa y of the smaller swimmiig plaits, such аз Azolla, the Utricularia, 
aid Ofellia are miigled with the others; but they certaiily do 10% 
play an importait part 11 the formation of the obstacle. The 
Ambatch Herminiera elaphroaylon, Guill, too, has beer wuijustly 
accused of assisting 11 forming the barrier. This is not the case. 
This plait does not grow 11 ary great quaitity 11 the vicinity of the 
Bahr el Jebel, aid its-stem is so light aid brittle, that it would break 
wher subjected to great pressure." ' 

“Оп the Bahr el Ghazal, 01 the coitrary, the “sadd” is chiefly 
composed of the swimmiig plants above meitioied. Their breeding 
places are Lake Ambadi, aid the other shallow lakes to the south." 

“The Ghazal “sadd” is much lighter i1 texture thai that of the Bahr 
el Jebel, and is coi1sequently much easier to remove. At the same 
time, еуе 11 the former river, the “sadd” is at times dangerous, 
especially if it forms, dowistream of a vessel, and if the latter has to 
work upoi it from its upstream eid. The accideit to Gessi Pasha’s 
expedition in 1880, proves that еуел the Bahr el Ghazal “sadd” сал 
be a1 impassable obstacle uider such circumstaices.”’ 

“The Bahr el Jebel traverses the marshes between Shambé aid Lake 
No for some 400 kilometres of its course. South of Shambé, the 
river has 1ever bee1 kiow1 to be blocked. On either side of the 
chaiiel, in these immeise swamps, exteid large shallow lagoois, some 
of them covering several square kilometres of area. The lagoois are 
surrouided o1 every side by a luxuriait growth of aquatic plaits, 
coisistirg chiefly of the papyrus and the reeds kiowi to the Arabs as 
as the * Um-suf" and the “Dus.” All these plaits grow i1 water, 
but 10t m any great depth, but the “ Um-suf” and “ Bus," will 10t 
staid such a depth of water as will the papyrus. This last attains а 
height of from 5 to 6 metres, with fibrous roots which strike deep i1to 
the grouid. The *Um-suf " rarely exceeds two metres 11 height aid 
its roots do 10t exteid so deeply as do those of the papyrus. They 
are, however, very tough, aid difficult to break or cut through. These 
roots are bedded 11 the soil below the water, but the strong gales which 
blow 11 these regions, loosei their hold to a large exteit, so that if 
such a storm be accompa ied by any rise of the water surface, large 
masses of these plants are set free from their original position, aid 
реол 1 to float o1 the surface of the lagoois. Their roots form such а 
tangled mass, that large quaitities of the earth, 11 which they were 
embedded, remaii clinging to them. These act as ballast, aid when 


1 See also Hoye. Тһе Sadd of the О, ег Nile. Annals of Botany Seyt. 1902 and Broun Jour. 
Linu. Хос. Julv 1905. 


the islaid of papyrus, or reeds, is detached, aid, wider the influence 
of the wiid, is set drifting about the lagoon, the weight of this earth 
retaias the plaits 11 their vertical position. Their roots, the moment 
they reach a shallow, act as aichors, and speedily strike dowi agai 
11to the muddy bottom of the lake. Large masses coistaitly chaige 
their position 11 this way. If the storms cease, they remain where 
they are. Unforturately, at the commeicemeit aid eid of the газу 
seaso1, stormy weather is the rule, rather thai the exception. At such 
ѕеаѕо 15, large areas of the marsh vegetation are 11 motioi, drive 
hither aid thither by the wind." 

“The chaiiel of the Bahr el Jebel being oily of sufficient sectio1 to 
carry the low-water supply, the first rise spreads over the marshes, 
flooding them 11 all directiois, aid iicreasiirg the depth of water in 
the lagoois. It thus causes the areas of reed, already detached by the 
wiid, to float still more easily. А strong gale may set huidreds of 
acres of these floating masses moving 11 one direction, uritil they reach 
a point ол the river where they are forced iito the chaiiel. (О лсе 
there, the curreit speedily carries them downstream, and ere lorg, their 
course is arrested by a projection o1 the edge of the сһал ле], or by a 
sharp bend. It may һарре that ai area of reed, several acres 11 
extent, bursts 11to the river 11 a large sheet, aid in such a case, it must 
1ecessarily be arrested at the first point where the section is contracted. 
Ihe result is, that the сһапле] is quickly blocked, though perhaps 
10t at first to ary great depth. Masses of weed, however, follow one 
aiother 11 succession, brought dowi by the stream. The sectio) of 
the chaiiel being reduced by the first obstruction, the velocity of the 
water rapidly increases, and these masses, following the easiest course, 
pass uider the obstacle thus created. Басһ fresh mass arriving 1s 
sucked uiderieath those originally arrested, uitil at last the whole 
becomes wedged 11to ore solid block, composed partly of earth, and 
partly of stalks aid roots of papyrus and reed, Froken up by the 
extreme compression, iato ai liextricable tangle. So great is the 
pressure applied by the water, that the surface of block 1s often forced 
several metres above the water-level, aid is seamed by alteriate ridges 
aid furrows. The thickiess varies greatly, accordiig to the conditions 
aid section of the chaiiel. 11 some cases, it is 10t more than 1:5 to 
2 metres, but it 10t 11frequeitly attains a thickiess of 5 metres, below 
water, aid occasionally as much as 7 metres have бее observed. 
Uiderieath this bar, the river manages to force an outlet, but with a 
velocity increased proportionately to the smalliess of the aperture. 
At the same time, the upstream level rises, flooding the marshes 11 
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every direction, the water making use of any side chaiiel that it сал 
find. 1 time, doubtless, if left to itself, it would desert its original 
course, aid the stream would take ai eitirely new directio, the origi ial 
chainel becomiig permaieitly blocked. It geierally, however, happeis 
from natural causes, such as strong wiids, or increased headiig-up of 
the water, that these blocks burst, aid the obstacle is carried away. 
On such occasiois, a great wave passes дол the сһал 1е], carrying 
everything before it, aid sweeping away any similar blocks which may 
have beeı formed dowistream. Only 11 this way cai the clearaice 
of the “sadd” іл certain years, which has uidoubtedly occurred, be 
explaired. Малу of these blocks exteid for a coisiderable leigth, 
some being as much as 1700 metres long. It 1s easy to uiderstaid, 
that such closures of the river chaniel, cause, not only a complete bar 
to navigatio, but also a very serious obstacle to the free passage of 
the water. More than this, each block thus formed assists 11 the 
formation of others, by raising the water-level up-stream, and thus 
assisting the flotation of further areas of papyrus aid reed, much of 
which eveitually finds its way iito the river." 

At the time of the expedition of Mohammed Ali, 1840-1841, 
which Werie accompanied, по sadd was met with. The first account 
of it was received from Heiglii in 1863, who with the Tinné 
expedition fouid the White Nile blocked at a poiit 30 kilometres east 
of Lake No. An exteisive lagoon 01 the south baik, afterwards 
kiowa as the Maiya Signora, was followed and through it a way was 
fouid into the White Nile chamiel. This block was, it appears, avoided 
in this marier for some years till by about 1867 ог 1868 it had so 
і1сгеаѕеа as to block this way also. It was at first stated that the 
Shilluks had blocked the channel directly after the rains 11 order to 
preveit the passage of boats, but Heiglii says that for his part he 
could see no evideice of һата haidiwork 11 1. Against this 
obstruction the stream had piled up all the floating material day by 
day till a solid block was formed, which was estimated at about 500 
paces (350-400 metres) long, aid which was firm eiough, except at a 
few places, for persois to walk over dryshod. The орел water was 
180 metres (250 paces) wide, aid the water flowed over the barrier 
with a velocity of 3 to 4 metres рег second. It was cut through 11 
2 days by a large 1umber of mei sufhcieitly to erable the boats to 
pass. Voi Heıgliı speaks of this as being at алу rate a rare 
occurreice 01 the White Nile. (see Plate XI). 


! Pet. Mitt. 1881 р. 420 and Pet. Mitt. Erganzungsheft 15, р. 16-17. 
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it was possible to find a way отл the Bahr el Jebel which was thea 
blocked with sadd. The first block was some 8 kilometres below Ghaba 
Shambe, where the chaiiel was completely blocked with vegetation for 
some 600 metres. It was possible to pass rouid it by makiig a lorg 
detour through lagoois aid back chaiiels. The secoid was about 8 
kilometres above Hellet Nuer and blocked the river for а leigth of 
about 1200 metres, but this too was circumveited. The third block 
was 11 4 parts aid these occupied portiois of the reach of the river 
from 55 to 75 kilometres from Lake No. The first of these blocks 
rear Ghaba Shambe was 11 the same place that blocks 16-19 were 
fouid by Lieutenant Drury R.N. п Jaiuary 1901. 

Whei Marno, having cleared the block i1 the White Nile, weit on 
to the Bahr el Jebel, he fouid 10 curreit at the mouth si1ce the river 
was completely blocked. The northeri eid of Marno’s 3rd block is 
givei by him as 26°5 1autical miles (=49 kilometres) from the mouth 
of the river. It was exceptionally deise aid large so that 11 some 
places the whole river bed, 5-7 metres deep, was filled by it. When 
the blocks had beeı removed there was a gradual siaking of the water 
11 the river chaiiel aid 11 the lagoois beside it. From the latter 
water poured 11to the river by 111umerable chaiiels which were par- 
tially choked with mud aid suikei grass islaids. These the 11creased 
curreit raised to the surface aid carried away, aid gradually removed 
all the deposit which had beer laid dowi iı the*main charnel during 
the time that it had bee1 blocked. After the removal of the 4th part 
of this No 3 block, the river seemed 01 March 27, 1880, free aid open 
though with талу straided grass islaids 01 the baiks, and extensive 
lagoois which were 11 correction with the river. Above Hellet Nuer 
where formerly ore followed rouid the sharp wiidings kiow1 as 
Ghursa el Kilab, there was a collection of wide lagoois, aid the river, 
where it came from the NE., was blocked—the commencemeit of No. 2 
block. Steamiig through the lagooi towards the SE. a labyriith 
of lagoois, caials aid river arms was eitered, aid 11 01e of these arms 
the curreit was exceptionally stroig. It was soor evideit that this was 
the new main chaniel, aid it led back iito the old chainel from which 
point the southeri end of No. 2 block could be see1 at a short distaice 
dow stream, so that it included the Ghursa el Kilab. Siice the current 
was carrylag dowa with it masses of vegetation, aid the сһал 1е] was 
both narrow aid with талу sharp bends, this was а poiit where future 
blocks were likely to occur. It seemed that this reach of the river 
had altered greatly. In Werne’s Map, iorth of lat. &° N. the river 
is shown: as dividi1g into two equal braiches which afterwards 
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uite agai1, but 11 1880 no such state of things could be traced. Still 
other maps (e.g. Pet. Mitt. Erganzunsheft 15) omit this fork aid show 
oily two beids cut across by side chaiiels, which seems much more 
probable. 

Near block 3 there was earlier a division of the river into а maia 
chaiiel aid a side khor which thus iicluded а small islaid. Тһе талл 
arm being blocked the river turied to the east, aid scoured out the 
khor which thus became the main сһал ле], while the islaid Joined the 
west bark and became а part of it. It is interesting to see that 01 the 
above-meitioied map the Ghursa el Kilab, those sharp beids to the 
iorth at Baiderol (10t the more iortherly river beids which are 
wroigly 1amed as Ghursa el Kilab)—is show аз cut across by a side 
chaiiel approximately o1 the lire of the new main chaiiel of 1879. ' 

At the eid of September 1879 the steamer *Bordei1" returiiig 
from Lado brought the 1ews of the sadd 11 the White Nile, aid 11 the 
middle cf November Marno weit there from Fashoda to find the river 
blocked at а poiit betweei the so called “greater aid lesser Ghaba el 
Как,’ 30 kilometres upstream of the Bahr el Zaraf. Theamouit of water 
brought dowi this year by the Bahr el Jebel had beer large according 
to Mario aid the White Nile here was much increased aid so was 11 
direct correction with the wide lagoois ол its barks, but 11 the light 
of preseit kiowledge this should rather be attributed to a1 u1usually 
high flood i1 the Sobat. After the removal of this first block, Mario 
pushed o1 to see whether the rest of the White Nile was clear up to 
Lake No, and fouid there, where the sadd block had bee: 11 1863-1572 
and where he had removed o1e i1 November 1878, a new aid very 
thick block some 250 metres long. The masses of vegetation were 
piled up to a thickness of 4-5 metres, the whole бело compacted with 
mud aid silt. This block had formed and had acquired its size aid 
deisity withii the short space of 10 days which had elapsed betwee. 
the passage of the steamer “Вог4ел” aid the arrival of Mario. As 
the main сһал ле] was almost completely closed by this block, the river 
had broke1 through its left (лог) bank and fouid its wav through a 
lagoo from which it had swept out all the floating vegetation aid had 
gradually eroded a new bed, so that the blocked section could be avoided 
by using it. Here 01 a smaller scale were to be see1 the same coiditiois 
as at Ghursa el Kilab. 

It has bee1 previously mentioned that the sand aid silt brought 
Поу from the tributaries of the Bahr el Jebel are mostly deposited 11 





1 Pet. Mitt, 1879, p. 273 ff. 
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the upper reaches 1ear Bor; the amouit of earthy material fouid 
formiig a part of the sadd block must therefore be derived from the 
baiks of the river which are eroded by any charge of the curreit, aid 
from that which is lifted from the bottom of the lagoois by the drifting 
vegetation. A sample of the sadd was take: from the west baik of the 
Bahr el Jebel at No. 9 block 108 kilometres upstream of lake No and 
was analyzed 11 1900 at the Imperial Institute. Тһе sample coisistiig 
of a damp dark-brow1 cake weighiig about half a kilogram was а 
mixture of roots aid stems of plaits with mud, aid o1 analysis gave 
the following results :— 


yer cent 
Water .. ве cae um x» 1421 
Ash ARN фей at 105° с. о. e. e. 04:09 
Fixed Carbon. .. . шз жї ж ээ we UI 
Volatile matter .. .. .. .. uo .. e. eO. 24 
Calorific value .. . .. ae e. a. e. e. 144 Cals. 


Ihe comparatively short time during which the upper reaches of the 
White Nile have been kiowa, does 10 allow us to say with certainty 
that no such obstructiois occurred at earlier periods, although, accordi g 
to Marno, the iatives of these parts have 10 traditional knowledge 
of them. However the swamp coniditiois of these valleys have 
certalily bee1 lorg 11 existeice, aid it cai hardly be doubted that 
талу of the lagoois aid cut offs (ox-bow berds) are due to such i1ter- 
fereice with the free flow of the river causing it to erode a new chai el 
for itself. The 1atives traverse the whole valley with ease 11 their 
“dugout” caioes or 01 their rafts of ambatch, passing aloig the 1arrow 
chaniels which intersect the marshes, and the blocking the maia 
chaiiel would be of 10 importaice to them siice they could readily 
pass round it. 

Moreover, the records of the Roda Nilometer at Cairo show that all 
the floods but two betwee1 1825 aid 1840 were below the average, as 
were all except three from 1781 to 1800; ' thus for а lorg time 
previously to 1840 the coiditiois were 10t favourable to the formation 
of sadd blocks. 

Ihe points at which sadd has blocked the river chaiiel at various 
times аге show1 01 Plate XI. The block which occurred 11 1879 about 
12 kilometres below Ghaba Shambe' is the most southeri block 
recorded, while the 1ext was at the sharp bend Кол as Ghursa el 
Kilab between Hellet Nuer and Maiya Kurshid, 11 the same 


place as the lower part of block 15 of the receit cleariig opera- 


i See Cha). VIII. 
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that the lake measured 400 kilometres square, that it has siice 
been filled by said aid peat deposits, that the Sobat river flowed 
iato it, that the Blue Nile may have flowed iito it up the bed of the 
preseit White Nile, aid that the 1orth-east corier of the lake has been 
better filled with deposit ал алу other part. 

Beyoid the fact that the slope of the couitry from Ghaba Shambe 
to Lake No is very low, aid that there is much swamp from the Bahr 
cl Zaraf to Meshra Rek, 10 evideice supports this lake hypothesis. On 
the other hard талу facts are opposed to №. The probable mode of 
formation of these geitly sloping рах has already beer described 
(р. 91), but besides this there are other facts which do 10t agree 
with a lacustrine origi1 for the existing созбо of things. The floor 
of a silted up lake is, but for subsequeit earth movements, practically 
level, but here there is a moderate slope which recent levelling shows to 
be about 1 11 16,000 for the country west of the Bahr el Zaraf aid the 
White Nile; below aid above the Sobat juictioi it is 1 11 28,000 aid 
] i1 38,000 respectively at low stage. 

Such a lake having its southeri shore at Ghaba Shambe must have 
had its 1ortheri1 shore o1 the geitly rising plaii to the north of Lake 
No but 10 trace has yet bee1 seei of ату beaches or shore lires, which 
for a lake of such a size would have beer stroigly marked, зог do 
deltas of streams flowing into it occur. If its southeri shore was at 
Ghaba Shambe it must also have exteided some way up the preseit 
Sobat valley, but here again there is 10 trace of shore lines. [1 the 
lowest part of the lake, 1ear Lake No, the soil is saidy, whereas is the 
ceitre of so large a lake only the finest mud would be deposited, aid 
saidy deposits would be coifiied to the deltas of tributary streams. 
To turı the Blue Nile southwards iito this lake the couitry from 
Shendy to Kodok must have sloped from orth to south, instead of as 
to-day south to 1orth aid the altitude of the couitry 11 the eigh- 
bourhood of Shendy must have bee1 some 80 metres more thai at 
preseit 11 order to effect this; of such charges of level 10 evideice 
whatever has yet beeı brought forward. As the Atbara is assumed 
to have bee1 at this time the sole supply of Egypt, ` elevation ca110t 
have affected its lower course, and a glaice at the map will show that 
had such movements take1 place in receit times betweei Khartoum 
aid Berber clear evideice of it would exist to-day 11 this part, but 
101e has beer put forward aid 101e exists so far as І сал ascertain. 

The Blue Nile, had it o1ce flowed southwards into this hypothetical 





1 The Nile in 1904, p. 41. 


— 143 — 


lake, must have laid dowi large deposits of fine silt 11 this flat basin, 
but 101e occur. 16 15 еуел stated that depositio: was most marked 
at the 1orth-easter1 corier of this lake, aid had this beei the case 
the reversal of slope which allowed its waters to draii away to the 
orth would have caused the river draining the lake to @t through 
these earlier deposits which would remain 11 the ieighbourhood of 
Taufikia aid Kodok as bluffs of alluvium. Моле however exist. The 
statemeit that “the White Nile chaiiel of to-day is formed within 
the chaiiel of old days when the Blue Nile was flowing south 11to 
the Sadd region” is uiintelligible since the slope would have bee 
11 the reverse direction aid greater thai to-day to carry the silt- 
charged waters of the Blue Nile, aid therefore the original bed would 
have beer 11 all the зогћегл part high above the preseit valley, which 
ол the assumed reversal of the drai1age would have out cut bee through 
the earlier deposits. But there is 10 1eed to assume such very loca- 
lized movements; the whole of the preseit pheiomeia are easily 
explained by the low slope of ал aicieit flood plain formed from the 
material derived from the weatheriig of the plateau of crystalliie 
rocks to the south and laid dowa by the numerous rivers which must 
have flowed from it. Except 11 the depressiois aid old river bends 
of the valleys where raik vegetation and local silti1g cai hold back 
large quantities of water, the rapid evaporation during the period of 
the 1ortherly wiids removes the raii water that staids 1n the орел 
couitry aid reduces greatly the area of the swamps, but the Bahr el 
Jebel fed by the Albert lake, aid the Bahr cl Ghazal fed by numerous 
pereiiial streams from the Nile-Coigo watershed are able to replace 
these losses sufficiently to preveit their swamps from drying fully, 
еуел 11 the driest years, while spills from the Bahr el Jebel 11 the 
1eighbourhood of Ghaba Shambe do the same for the Bahr el Zaraf. 
The tributaries of the upper Sobat show the same siice similar con- 
ditions occur there where 10 such lake could have existed. 

On Plate XI the flood-plai1, where the water surface is withii 0:3 
to 0*6 metre from the ground surface, 15 disti guished from the higher 
grouid which lies beyoid it aid bouids the valley. This is about 
] metre aid upwards above the water surface aid ол it grow acacia 
bushes, dom aid deleb palms aid some shrubs. ? From this map it 
will readily be see that the river 15 meaideriig through its flood 
plain, aid swings from side to side of its vallev as all low grade 


! Loc. cit. p. 42. 
2 Broun, “Jour. Linn. Soc." July 1905, p. 53. 
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rivers do, while there is 10 sign of ai aicieit lake basin. The widest 
part of the valley is 1ear Ghaba Shambe where the marshes fed partly 
ру raiifall aid partly from the Bahr el Jebel, are large e1ough to 
supply the Bahr el Zaraf throughout the year. 


Summary.—In the basin draiied by the Bahr el Jebel, the Bahr 
el Zaraf aid the Bahr el Ghazal, the physical coiditiois are such that 
though it receives a fairly heavy rainfall, amouitiirg yearly to about 
1000 millimetres, as well as the 500 to 1000 cubic metres per secoid 
from the Albert lake, a coistait supply of some 470 cubic metres per 
second is all that is available upstream of the Sobat ju1ctio1. 

At first there is a more or less steep slope from the souther1 plateau, 
ѕ001 eding 11 flat орел alluvial plaias 01 which the detritus eroded 
from the plateau has beer laid dowi 11 remote ages. The preseit 
streams 01 reachiig these plains of very low slope, charge their 
character aid become meaideriig rivers which deposit their load at 
олсе, aid afterwards flow down their shallow valleys in which they 
swiig periodically from side to side. But as they carry 10 silt their 
flood plains do not rise by the deposit of successive floods except at the 
head of this plain tract, aid therefore the water surface staids but a 
very short distaice below that of the flood-plai1, so that there exist the 
coiditiois most favourable to the growth of marsh vegetation. This 
vegetation takes up a large amount of the water supply for its growth, 
aid aided by the wiids which blow for more thai half the year from 
the bare зауал лаб plaiis which lie to the тогёВ aid east. Not oily is 
the supply in the upper reaches of the rivers very greatly dimished bu 
the local rainfall oily produces a temporary rise of level which evapo- 
ration aid absorbtion soo1 reduce. 

Ihe iet result thei 3s that of the supply from the lake plateau 
delivered at the head of the Bahr el Jebel, oily a1 amouit equalliig 
from 48 to 96 per селе! is available at the Sobat juictioi, 11 spite of 
the rainfall of the basin, while this coistait supply above the Sobat 
junction is less that 1 % of the гал which falls 01 the Lake Plateau 
basi1 together with those of the Bahr el Jebel, Bahr el Zaraf aid 
Bahr el Zaraf. 


аара — س‎ 














t 430 cubic metres jer second above the Sobat junction comyared with the 500 to 1000 
discharged from the Albert lake, 
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tributary, the Lol, on its right bank, 60 kilometreshigherup. Both these rivers, 
the Bahr el Homr and the Bahr el Arab, must closely resemble each other in 
their regimen. 


Exceptin the region of their hill tributaries the rainfall must be moderate 
and the drainage lines from the north which descend from.Jebel Marrain Darfur 
are said rarely ifever to carry water to them. 

In the rainy season much of the level country through which they flow 
becomes an inundated swamp, since the slope of the rivers is very low. After the 
rains the country dries rapidly under the influence of the northerly winds 
blowing from the arid steppes of Darfur and Kordofan. Though no levelling 
has been executed in this region Dyé’s observation that the high stage (rise 
of 22 cm.) at Meshra er Rek occurred at the end of November shows that the 
flood rise of the Sobat affects the river as far as this point, and consequently the 
last 60 or 70 kilometres of the Bahr el Homr andthe Bahr el Arab, reducing the 
water slope to an extremely low value so that their waters flood the surrounding 
country to be evaporated in the early months of the year. 

Therefore under normal tropical conditions of rains coinciding with the 
wari season, aided by slack current and long continued flooding due to the effect 
of the Sobat river, marsh vegetation can develope most favourably, and the 
blocking of the drainage lines is a natural consequence. 

All who have visited these reaches lay stress upon the difference between 
the sadd in them and in the Bahr el Jebel. 

While in the latter the vegetable material is swept into the river channel 
by storms, and is there packed by the current into masses of ever increasing 
density, that of the western region is described as much less compact. Marno 
speaks of the sadd of 1881 in the Bahr el Ghazal as composed mainly of grass 
which had to be cut and hauled on to the bank, and Broun saw the whole 
channel of the Bahr el Arab choked with the long rhizomes of the grasses 
f wrcecitilt pyramidale and Phragmites conmunis. The sadd ofthe Rahe ^! Trrr1 nq 
the Bahr el Ghazal systems is thus essentially different in both character and 
origin. Inthe first vegetation is drifted by storms from lagoons into an ordinarily 
clear river channel, in the second it grows mainly in the channel and receives 
only ,some additional material from side khors and lagoons; the first is abnormal 
and re-appears only with the special conditions which caused it, the second is 
normal and is developed more or less with each rainy season. As supply channels 
the Bahr el Homrand the Bahr el Arab seem most unpromising. Let us suppose 
that both. channels are free from vegetation, and trace their annual regimen. 

In February, March and April they areat their lowest, and their contributions 
to the Bahr el Ghazal can be but small. In May the Sobat commences to rise 
and also the western tributaries of the Bahr el Ghazal; by July and August the 
Sobat has probably risen 2 to 3 metres and the up-stream water slope is much 
reduced. The critical stage is soon reached, so that the up-stream levels rise 
almost equally with that of the Sobat. Any slight rise in this level basin means 
excessive flooding and great loss by evaporation forthere does not exist even so 
shallow a valley trough as that between Khartoum and Dueim. There 1,500 
million cubic metres are stored annually for 2 or 3 months and it forms a 
useful though wasteful reservoir. 

In the lower reaches of the Bahr el Ghazal system no such trough exists, 
and flooding is controlled. 
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CHAPTER IV. 


Tur SoBAT RIVER. 


The basin of the Sobat is about 244,900 square kilometres 11 area, 
less thai half the size of that of the Bahr el Ghazal, but the part played 
by this catchmeit area 11 the есозоту of the Nile is aı importait one. 
Ihe погёһег bouidary is not well defiied but may be considered as 
approximatiig to ai east aid west line through the station of Taufikia 
as far as the head waters of the Sorka river 11 the hills of the Lega 
Gallas; from this poiit the watershed betwee the Sobat aid the Blue 
Nile ruis south-east to the Seshia mountains леаг Shalla, a village 
betwee1 the head waters of the Ваго aid the Didessa. It now coiti1ues 
slightly west of south for some 200 kilometres aid thei turis west- 
wards betweei the districts of Вота aid Musha and ол to the орел 
plaiis which lie east of the Bahr el Jebel aid south of the spurs aid 
outlying hills of the equatorial plateau. The dividing lire from this 
polit betwee the Sobat aid Bahr el Jebel basin or the westeri side 
is very ill-defined as part of the raiifall probably draiis to the Bahr el 
Zaraf aid part to the Sobat by the Pibor aid Khor Filus, but by far 
the greater portion evaporates ; to the south the mounitaii streams 11 
flood pour down o1 to these plaiis aid their waters also evaporate 
eveitually, except the small portion which reaches оле or other of the 
tributaries draiiiig these plaiis to the north. 

The Sobat is formed by a 1umber of rivers all of which drain 
the table-laid of Kaffa except the Pibor which comes from the орел 
plaiis to the east of the Bahr el Jebel. Of the others the Akobo, the 
Gelo aid the Bela join the Pibor, while the Baro receives the Birbir, 
the Almo, aid the Soika, aid joiis the Pibor some kilometres above 
Nasser to form the Sobat. 

Here we meet for the first time the Abyssinian table-laid which 
reaches a1 altitude of 2000 to 2500 metres 1ear the source ofthe Akobo 
aid about 2000 metres at Gore aid 2100 at Shalla 1ear the head waters 
of the Baro, while the plain at the foot of the hills does 10t usually 
exceed 800 metres. Graiite appears amoig the lower foot-hills 1ear 
the Akobo river, while volca11c rocks (basalt) overlie it. 

On leaviig the foot-hills of the plateau the Baro is about 200 metres 


A" — —— m — — ——— жа у — — шр‏ س س 
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` Jessen, “Geog. Jour," Feb, 1905, р 168, 
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wide with high wooded baiks as far as Itaig; beyoid this swampy 
flats occur where tributary streams like the Nigol, the Tokai aid others 
Join №; the malı stream is now 11 its plain tract aid flows1i1 wide curves 
occasionally bifurcatiig so аз to i1cludelargeisla1ds between its braiches. 
The largest of these is above the Pibor Ju1ction where the souther1 arm 
is kiow1 as the Adura, a stream some 100 metres wide which 11cludes 
ал islaid some 50 kilometres lorg betwee: it aid the Baro. Below the 
Pibor juictioi the river, now Клоу 1 аз the Sobat, flows in meaider 
curves betwee ba1 ks o1 either side of which park laid alteriates with 
орел grass plaiis; islands occur here aid there 11 wider reaches but 
usually it is 11 а single сһал ле! from 100 to 120 metres wide. Behiid 
the baiks, which are usually higher thai the flood rise of the river, 
there are ofte1 low depressiois which are filled with water 11 the газу 
seaso1 aid coitiiue to exist as swamps for some months, being draiied 
off later by the 1atives through cuts 11 the baiks in order to capture 
the fish 11 them. Just before the Sobat meets the White Nile the Khor 


Filus comes 11 01 the left. 


Climate.—The climate of the Sobat basii ргезел ts several varieties, 
whicbrange from that of Doleib Hilla close to the juictioi with the 
White Nile with almost Saharai coiditiois of high temperature, wide 
raige, aid great dryiess 11 the dry season, to the mild climate of the 
Abyssiiiai plateau where the temperature varies but little. Тһе plaiis 
probably approximate closely to the co1ditio1s recorded at Doleib Hilla, 
with a somewhat loiger rainy season in the southeri parts. The 
wiids are 10rth aid iorth-east 11 the dry seaso aid southerly during 
the raiis, but close to aid o1 the plateau the diurial variation betwee 1 
mountain aid valley wiids doubtless affects the geieral direction aid 
causes the westerly wiids, which were observed at Gore by Michel i1 
the rainy season. It seems most likely that this Kaffa-Wallega plateau 
receives the heaviest raiifall of Abyssinia siice the southerly wiids 
blow agaiist this high table-laid for about five months of the year. 


DorziB HiLLA.— Serr. 1902-Dec. 1904. 














T Z4PERATURE CENTIGRADI Jan. | Feb. | Mar. | April] May (Junel July | Aug. Зере. | Oct. | Nov, | Dee. | YEAR 
Mean monthly.. .. es 66 {21°0)25°4)24°5) 29-4) 2671]21:1123:0/2372]21:0|23: 7]|22:9 21:4| 24-1 
Mean daily muxinitm se e. 30:013376 ° © 39:9|34*6|32:7|30"7 1130 51|32*8|33:5136*0135-6] 34:6 
Mean daily minimum ..  ..[18:2|1572/2075|2374|22*2|21*0|20* 4|20*6/20:0] 19-4] 18*6|17*2] 20-0 
Range. se os ob «2 œe 18:4[1574/18:3|1675112:4[11* 7| FT| €9|:9112:8114* 1H 177 41184] 14.6 
Extreme maximum. .. ..|38:9|40:5|43*9 12*:9139:8|3774|34: 7| 34: 7|]36-2|37- 31 38*0|38* 6|. 38*6 
Extreme minimum в... «.[1575|1475|1775|2071|2071]187 7|187 7|1875|1970/18*0]1575|14:2| 17°53 
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DoLeEIB HILLA. 
Percentage frequency of winds September 1903 to December 1904. 
(Usually 2 observations daily.) 











MONTH N NE I SE S SW W NW Calrı 
January ..| 74 16 - es ð 2 T 3 
February ..| 82 2 - "s 10 4 1 1 
March.. ..| 39 11 1 10 16 12 д 8 
April .. ..| 11 15 6 18 13 4) 18 10 
May .. .. 3 2 11 13 34 13 16 2 б 
June .. .. ә 2 13 27 23 13 17 de 
July ا‎ 5 11 19 24 18 15 А S 
August .. 2 3 16 19 23 15 16 - б 

eptember ..| 29 5 ys 3 60 1 2 Ps T 
October ..| 24 $ 6 10 21 9 10 - б 
November ..| 61 1? д 5 12 2 З > 2 
December .. 82 10 o5 6 ns | к - 


RAINFALL IN MILLIMETRES. 
DoLEIB HILLA.—ALTITUDE 395 METRES. 


DATE Jan. | Feb. | Маг. | Ápril | May | June} July | Aug. | Sept. | Oct. | Мол. | Dec. | YEAR 





-— Î —smBmm  ————À | ———À—————— Ӱ ————Á— | ————— [| ———— | ——— | ич== ] ——— { ——wssssmu | иө 


1908 |.. fa. f.. f.. | 66| 150) 171) 163| 177, 172| 40} 0] [939] 
1904 | 0| OF 47| 62| 101| 132] 186} 152, 78} 30| 9| O т 
1905 | Of 0| 4| 2| 92| 82 109| 131| 153| 4s} 69 0| воч 


—— | ——— | -—— | e——— — |] —— # IMUM | н ыыы} A | —— | „ЫЫ © —————— 0 س‎ 


Mean | 0| 0| 26| 32| 86| 121| 155; 149| 130 83] 39| © 827 





NASSER.—ALTITUDE 470 METRES (APPROX.) 


DATE Jan. | Feb. | Mar. | April) May | June! July | Aug.| Set. | Oct. | Nov.| Рес. | YEAR 


—FÀ—RNR ARR د‎ Oe pea — r A p S 9 -—  — — nuu E ЕЕЕ e aee À aaa 





1903 bx E жи D HE!) wc] ЖЕ ЕТЕ T ws low | ws 50 0 () [50 | 
1904 l 0| 27 71 115| 152| 210; 236) 74, ЗН 21 0 ҸО) 
1905 2 () 01 22) 44) 162! 821 152) 120| OT 15 () 609 
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Mean | 2| of 14 1| 81] 157] 146) 194] 97| 50 13 Ob — TUS 


MEAN RAINFALL IN MILLIMETRES. 


ILACE Jan. | Feb. | Mar. [А уги | May | June | July | Апр. | Sept. | Oct. | Nov. | Dec. | Year 
DoleibHilla.| 0| 0| 26) 32 86| 121| 155| 149| 136| s3| 39 0| S27 
Nasser 21 O 14) 18 157) 146) 194| 9?7| 501 1 а $68 
(xore .. „р. LR | RIE E| R), R| Rr |. "ev 
Shalla кш | 3E r IRIRI 2| RI RIR ; 

Wallega e|... т ih | R| у у RI R 
Beni 


Shangul we foe foe | PER] R] R| R| RY Tt 





r — Light rain. R = Moderate rain. It = Heavy rain. 
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As already meitioied' the Abyssinian raiifall is due to the moist 
air of the south-cast trade wiid coming in coitact with the elevated 
mass of the Abyssi1iai plateau 2000 to 2500 metres above the sca, 
where its moisture is coideised aid falls as rai. This is especially 
marked 11 the southeri half of Abyssiiia, as here the галл is said to 
be heavier aid more coitiiuous thai 11 the тог where the southerly 
winds are weaker aid have already lost much of their moisture. 

Commeiciig with the district of Kaffa, Gore (2160 metres) is ал 
Abyssinian froitier болул 01 the south-westeri extremity of the Kaffa 
plateau above the valley of the Baro river. Austi’ states that whei 
he was there o1 March 12, 1900, the early light rais were said to 
be already overdue. Later, o1 the 1st May, whe1 o1 the plaiis south- 
west of Gore aid to the south of Baro river o1 the banks of the Gelo 
he experieiced? heavy raiis, while at Nasser at the juictioi of the 
Baro aid Pibor rivers 11 the same year the river Sobat rose 3:5 metres 
betwee1 the 7th aid 24th Jure aid by the eid of Jure was high. * 

At Moger (lat. 8° 18' N., alt. 2160 metres), betwee the head-waters 
of the Guder aid the Ото, Cecchi? i1 1878 recorded raii as follows:— 


July August  Sejtember October 
Rainy days фое офф ©0 ¢ € © © ¢ LS oes 92 21 99 : (› 
Days of observations ... ... ... eee 29 3l 2) 28 


The rain of July, aid especially August, was heavy while that which 
fell 11 September was much lighter. In the spring aid summer of 
1879 he was at Shalla (lat. 7° 44' N., alt. 2070 metres) aid there the 
results Were: — 

Feb. Mar. Abril May June July Aug. Sept. 
Rainy days. ... ... ... 1 8 0 10 о 2341 233 233 
Days of observations  ... 9 16 0 24 9 231 931 9 

In 1897 aid 1898 the Bouchamps expeditio: was for some time 11 
this part of the couitry aid o1 the plateau which divides the tributaries 
of the Ара! from those of the Ошо aid Hawash. Michel,* who aecom- 
panied the expedition, reached Gore in Jure 1897 aid experieiced 
heavy rains uitil he left at the eid of August 11 the middle of the 
wet season to returi to Addis Abbaba. He considers that the rainy 
seaso1 proper 11 these parts commences about the middle of Јоле 
aid lasts uitil the begiiiing of October, the remaiider of the year 


1 Ch. I. 

? Among $wam,s and Giants, London 1902. р, 34. 
3 Ibid. p. 46. 

4 Ibid. р. 52. 

* ера Дейл alle frontiere del Сай” Rome, 1887, 
0 Vers Fachoda,’ Paris 1901, рр, 530 and 537, 
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rai at Kiria 11 Велі Shaigul, which caused floods 11 all the khors. 
It was these raiis which caused the slight rise of the Nile from the 
llth to the 25th of April at Roseires 11 this year, aid affected at the 
Wadi Halfa gauge 11 the middle aid eid of May. 

Early iı May 1901 Major Gwyii ioticed that heavy clouds hung 
over the plateau of Велі Shaigul, but at Famaka o1 the Blue Nile aid 
to the orth of it the sky was clear aid 10 rain has yet fallei, though 
there had Беел a good deal 11 Beri Shaigul; but about the middle of 
May the raiis passed to the 10rth of the Blue Nile, aid by the 25th the 
rise of the river at Roseires set 1n. 

Thus 11 the districts of Kaffa, Масса, aad Велі Shaigul, the rainy 
seaso1 opeis with light raiis between the middle aid eid of March. 
These coitirue throughout April aid May gradually iicreasing 11 
frequeicy till they merge 11to the heavy raiis which are coisidered to 
set 11 at the begining of Чите. 


Hydrography.—The Sobat differs 11 its regime1 from most of the 
other rivers of the Nile basii siice it is lowest at the eid of April and 
thei rises slowly but steadily till the e1d of November, when it reaches 
its maximum, after which it falls rather rapidly. Gauges exist at the 
Americai Mission at Doleib Hilla, about 36 kilometres from its ju1ctio1 
with the White Nile, aid at Nasser 275 kilometres upstream, but the 
latter 15 106 wholly satisfactory siice it 15 106 yet clear whether the 
same gauge has beer used throughout. The cause of the steady rise 
aid fall of the lower Sobat is to be fouid partly in the wide exteit 
of the westeri Abyssinian plateau from lat. 6° N. to lat. 9°} N., a 
lergth of about 400 kilometres, which 15 drained by the streams which 
flow to the malı river but more 11 the floodiig of the plaiis south of 
Ваго, aid the long course of low slope from the mountaii foot to 
the White Nile. The rais o1 this plateau fall, as has beei said, 
from March to October while the plaiis at the foot of the hills are 
flooded by the heavy August aid September rais. Commencing 01 
the north there is the Sorka river which rises 11 Jebel Seiti (1900 
metres) in the couitry of the Lega Gallas aid flows west aid then 
south Joiaàiig the Baro 30 kilometres up-stream of Nasser. Next a 
1umber of small streams form the Khor Garre ог Tokai which joiis 
the Baro about halfway betwee. Itang aid Nasser. 

The Baro itself, the тал tributary of the Sobat, has bee1 followed as 
far as 3 km. above its ju1ctio with the Birbir! where it flows through 


1 560 kilometres from the mouth of the Sobat. 


SECTIONS OF THE SOBAT, PIBOR, AND AKOBO RIVERS 





AKOBO 100 metres from Pibor 
PIBOR 
SOBAT Мо. 1 40 Km. from Nile 17 · 4-03. 
ШАК. EE 





Мо. 2 12 Km. from Nile 
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lt wes these rains which caused the slight rise of the 


Wadi Halfa gauge in the middle and end of Мау, 
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| at the end of April and 
' ame slowly but steadily till the end of November, when it reaches 


‘4 the western Abyssiuian plateau from lat. 6 М№. to lat. 9°} N., а 
L-ngth «€ about 400 kilometres, which is drained by the streams which 
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higher up it was 11 May 30 to 80 metres wide 1 to 3 metres deep, 
flowing betwee barks 6 to 9 metres high at the rate of about 1:3 metres 
per secoid; in June it was 5 to 6 metres deep with a stroi1g current. ! 

The Akobo, which is the most importait tributary of the Pibor, rises 
i1 the highlaids of Kaffa i1 lat. 6° 30' N. at a1 altitude of about 900 
metres aid after a course of about 90 kilometres itis joined by the Kaia; 
above this point the. Akobo is 10 to 25 metres wide aid flows rapidly 
with a depth of from 1 to 3 metres * (May); the Kaia coitaiis but 
little water at this time but would seem to be a coisiderable stream 1n 
the rains. Further dow1 the Akobo is at first 60 metres 11 breadth 
but later it decreases to 25 or 30. Nearly all these tributaries rise 11 
the Kaffa highlaids where the raiifall is both heavy aid proloiged, 
aid therefore they must bring dcwn a coisiderable amount of said 
aid silt 11 suspeisio1, which 15 mostly deposited when the velocity of 
the stream is checked o1 meeting the level plains. Thus ata distaice 
of 60 or 70 kilometres from the plateau the slope of the country has 
become very flat aid wide swampy tracts occur which drain into the 
rivers by means of the short streams which lead from them; the rivers 
become meaideriig streams flowing 11 well defined chai 1els cut 11 the 
level surface of the plaia. [1 the raiis the whole of this couitry is 
flooded aid gradually draiis off as the rivers fall. The Pibor receives 
these streams 11 the орел plains which lie to the east of the Bahr el 
Jebel, aid wher receitly (July 1904) it was explored, it was fouid 
some 50 kilometres east of Bor to be a narrow water chai те] 20 metres 
wide aid 1 metre deep 11 a vast exteit of flooded couitry where the 
water was theı from 0°30 to 0:50 metre deep. The сһал 1е] was 15 
to 20 metres wide occasionally wideiiig to 50 metres,and had at first 
а 1ortherly thei north-easterly directio; the depth was usually from 
4 to 6 metres aid well defined baiks oily begini some 25 kilometres 
above its ]и1сййо1 with the Agwei river; the current is said to be about 
0:3 metre to 0'5 metre per secoid. 

Its tributary the Agwei is described as flowing betweei barks 1 
metre high, with ai average breadth of 30 metres aid a depth of б 
metres at the eid of August the velocity being estimated at about 
0:5 теже. рег second. Though the Рог receives so талу streams 11 
ал area of: heavy raiifall, the volume which it supplies to the Sobat 
does 10t seem to be large ; it was measured in October 1901 by Captain 
Wilsoi at poiit just above the ju1ctio1 of the Akobo river aid fouid 
to be 70 cubic metres per secoid, the depth being 4:5 metres. The 


Lu d 





| Jessen. loc. cit. 
3 Jegsen. loc, cit. 
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А kobo ол about the same date was dischargiig oily 10 cubic metres per 
secoid though the clear waterway was 15 metres wide aid 4'5 metres 
deep, the whole width iicludiig reeds being 60 metres. (Plate AIV ). 
The plaiis of the Upper Sobat therefore are a wide expaise of level 
couitry through which a number of streams meaider 11 usually well 
defined aid deep chaiiels. The rains which begin ол the plateau 11 
March aid ол the plains 11 May become very heavy in July, August 
aid September, aid last iito October, causing the rivers to overflow 
their barks aid flood the plains. Though much of this 15 lost by 
evaporatio1 still а coisiderable quaitity flows iito the Sobat aid keeps 
up its level till the ела of November. It is incorrect to say that the 
tributaries meet aid form extensive swamps from which the Sobat 
has its origin, ! since the Baro aid Sobat form a clear aid coitiiuous 
waterway, while the Pibor joins the Baro direct aid is joined 11 the 
same way by its own tributaries; the swamps are formed by the rivers 
overflowing their barks in the raiı у seaso1 but they all have well defined 
beds aid the moderate volume discharged is due to the low slope aid the 
occasio1al blocking of the chaiiels by vegetation, rather ал to swamps 
ог lagoois receiving their waters. So lorg as the Baro is high the water- 
slope of the Pibor must be very slight, but whe1 the former river falls, 
the discharge of the Pibor becomes coisiderable. The oily lake ii the 
plain tract of these rivers 1s the small lake Tata, which is сол rected with 
the Gelo river but does 10t form a basii iito which the river flows. * 
Below its juictioi with the Pibor the Sobat maiitaiis a width of 100 
to 150 metres, occasionally 11 the neighbourhood of islaids reaching 
300 metres. It has a deep sectio1 aid high well defined baiks which are 
only 11u1dated 11 the upper reaches, aid beyoid these there lies usually 
а belt, more or less coitinuous, of low-lyiig laid which becomes a 
series of swamps ол the commeicemeit of the rainy season. Beyoid 
the swamps is the higher park-like couitry with scattered villages, 
Near the juiction with the White Nile it is joined by the Khor 
Filus from the south. This Khor 30 to 40 metres wide, has bee: fol- 
lowed? as far south as lat. 8° N. a distaice of about 130 kilometres from 
the Sobat aid Беуо14 this it was stated by the 1atives to be coi rected 
with the Bahr el Jebel in the 1eighbourhood of Bor. The chaiiel 
Wideis in places to 70 aid 80 metres but is always much choked bv 
weeds, etc.; 11 August 1902 10 appreciable curreit existed 11 this khor 
so far as a steamer could peietrate. It appears to be, like the upper 


oe 


! The Nile in 1904, Cairo, 1905, p. 37 
? Jessen, “Geog. Jour.,” Feb. 1905. 
9 Cup. Н, Wilson “Geog. Jour," October 1202, 
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Pibor, a water сһал ле] which is too much blocked by vegetable growth 
to be of ату practical importance,though acting as а drainage line to a 
moderate degree. 

From the foregoing details it is possible to form a fairly complete 
idea of the regime1 of the Sobat basin. The rainfall of the Abyssinian 
plateau is carried off by a 1umber of streams flowing dow deeply 
eroded valleys whose high slope aid narrow sectionis mark them as 
youig in developmeit. At the eid of March with the early rains 
these streams rise, but the effect is 10% felt far aid it is ot till May 
that their flood waters begii to affect the lower reaches. These 
mountain streams 11 fallig from altitudes of about 2000 metres o1 the 
plateau to about 600 to 800 metres o1 the plaiis at the foot of it, must 
do a great amouit of erosive work, charging the flood waters with sand 
ard mud but as they all exter а geitly sloping alluvial plaii ол leaviig the 
hills the greater part of their load must be ‘deposited before it has bee 
carried far. The coisequeice of this is that the beds of these streams 
are rapidly raised by the deposit of material which the stream has no 
longer the power to traisport 01 accouit of its reduced velocity, aid 
therefore the waters spread over the barks, coiverting the plaiis iato 
marshes or 11u1dated areas. Тһе Baro iicreased by the Birbir aid 
other tributaries follows a direct course to the Sobat aid thus retaiis 
its velocity better thai streams like the Akobo, the Gelo, and others 
which meaider through the alluvial ріал for a greater distaice 
coisequeitly it is the priicipal factor in raising the level of the lower 
Sobat. This stream rising rapidly 11 flood checks the flow of Pibor 
by raising the water level at the: juictioi so that the large flooded 
area through which the Pibor, the Akobo aid the Gelo flow ca110t be 
drained till the Baro begiis to fall at the eid of the summer. 

Of these streams 11 their mouitaii tract very scaity data exist, 
Michel’ gives a few for the Birbir aid the Baro which are of coisider- 
able interest aid are here reproduced. 

The Baro was measured above its juictionr with the Birbir, aid 
coisequeitly before it left the hills, with the following results :— 


Low WATER (March) HIGH WATER (July, Aug.) 


Dee, channel Total Dee, channel Total 
ИШ inetres metres metres metres 
Width e ә © e 6 № 8 11 
Depth © o e 9 e e e ә e ө e е 3 e 6 6°) e 9 
Velocity per second... .. .. 1*25 T 4'9 





4 “\егҳ Fachoda,” Paris 1901, р. 528, 
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this would give approximately a volume of 300 cubic metres per secoid 
discharged at high stage a1d about 50 cubic metres at low stage. 
The Birbir was also measured rear its juictioir with the Baro :— 





Low WATER (March) HIGH WATER (July, Aug.) 


Dee) channel Total Dee) channel Total 


р metres : metres metres metres 
Width e 9 ° ә e о e ө ee +. 4*5 10 12 19 
pur ёк че Wa ти Be оз 3*5 " 6*6 
Velocity pur second .. .. .. 4,0 4*5 


correspoidiig approximately to a volume of 450 cubic metres per 
secoid 11 flood and to 120 cubic metres at low stage. 

He says that these rivers rise at the beginiiig of Jure and аге at 
highest stagein July aid August, low water being from Јал загу to May. 

On November 11, 1904, Captaii Wilson fouid the Birbir some 
kilometers above the juictioi 73 metres wide, about 4 11 mear depth 
aid flowing 2 to 2:5 metres per secoid. This would correspoid to a 
discharge of about 600 cubic metres per secoid. 

_ Without doubt thei the Baro iicreased by the Birbir is the maii 
supply of the Sobat aid by its steady flood-rise 11 Juie, July aid 
August followed by a period whei it staids at a high level, it checks 
the flow-off of the Pibor aid its tributaries thereby coitributiig to 
the flooding of the plains south of the Baro. The Рог aid Akobo* 
discharged respectively 70 aid 10 cubic metres per secoid i1 October 
but 11 December this increases wher the Sobat is falling. 

Below the juictioi with the Pibor the Sobat flows 11 the well-defined 
chaiiel which it has cut 1n the alluvial plain, meaideriig in 1umerous 
curves. [1 April it is at the lowest level though in some years slight 
temporary rises occur, but 11 the first half of May ал increase is 
1oticeable usually becoming a steady rise before the eid of the moith 
aid this coitiiues at a gradually dimiiishiig rate uitil the eid of 
September.” The fall begias 11 November or December at Doleib 
Hilla according to the strergth or weakiess of the autumi raiis on 
the plateau of Abyssinia, aid 11 1904 it begai exceptionally early. 
The gauge at Nasser shows a decrease оте month earlier Шал at Doleib 
Hilla but the gauge at the former place is as yet uicertaii, for it seems 
that 11 high flood а secoid gauge ear the fort had to be used, si1ce 
the river-baik is flooded aid the correlation of these two scales is орел 





! Measured by Captain Н. Wilson at the end of Oct. 1901. (Plate NIV). 
? See Plate XV. 
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to doubt. This slow rise, the long period of high stage, lasting from 
9 to 3} moıths aid the rapid fall distinguishes the Sobat from all 
other tributaries of the Nile, except perhaps the Didessa which rises 
vear 16 (see р. 144). The causes which produce these characters are, 
firstly the early rains of April and May which gradually iicrease to 
the maximum of the heavy rains 11 August, secoidly the lorg соли. 
nuance of the rains due to the southerly position of the district of 
Kaffa which keeps up the supply of the streams longer ал i1 more 
1orther1 districts, aid finally the i1uidated flood plaiis of the southerà 
tributaries are drained off in November or December resulting 11 the 
rapid fall of the Sobat. 

The long ріал tract traversed by the Sobat aid its tributaries 
smooths all the sharp variations 11 level which they show 11 their 
mouitaii tract; and i1 the diagram the regulatiig effect of the flooded 
Pibor plains is well seen by the differeice betwee the rapid fall of 
the Baro at Gambela (540 kilometres from the White Nile) 11 the eid 
of September, while Sobat 11 its lower reaches coitiiues to rise for 
o1€ or еуел two moiths more. 


Wacecr 





The discharge of the Sobat has been measured on 1 merous occasions. 
Werne! records December 8, 1840, that the mouth of the Sobat may be 
900 paces wide, the depth 6 fathoms aid the velocity 2 miles per hour 


_-=- Фф 





! The White Nile, vol, T., р. 151. 
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Ihe total width was 65:3 metres aid the velocity was 17°84 metres 
рег mii. or 07298 metre per secoid. 
The measurements 11 metres Were as uider:— 


Distance from right bank 3 1 17 24 31 38 45 52 54 (05 
Depth ... .. .. .. l4 22 42 57 560 53 46 45 32 21 


Ihe result gives 80 cube metres per secoid as the volume discharged. 

I1 1874 Lieut. C. M. Watsoi R. E. was at the mouth of the Sobat on 
the 25th October 1874. * The width was fouid, by triaigulation, to 
be 134 metres; the velocity as the average of a iumber of trials 
1°85 kilometres per hour or 0:953 metre per secoid while the river is 
described as quite full. If to this width we join the depths obtai1ed 
11 receit measurements the discharge would be about 910 cubic metres 
per secoid. 

During the past 5 years more careful measurements have bee made 
at low stage and at flood, which are giver 11 the following table, but 
no accurate values are yet available for November just before the fall 
commences and these would be of interest. Besides Watson's obser- 
vation above, that of Lieut. Julia: Baker already quoted,’ shows that 
the effect of the Sobat flood up to December is very great. 


SOBAT RIVER. 


, | 
Distance 


| nos | Widtl Mean Area Mean "- 

сеннен M = deth | of seetion | velocity ecm 
kin. HW. n. ni? ni.p.g. TIDA LA-A 
45 April б, 1901 .. 1 4*12 A01 not measure 87" 
40 , — 17,1903 ..| 123 | 3°36 414 | 0:194 | 45 
25 | August 28,1902 ..| 97 | 7°64 129 | ("794 | 572 
25 sept. 23, 1902 ..| 140 7°12 928 | 0:830 | 771 
25 August 26, 1903 .. 124 8.24 948 0*820 | 709 
25 Sept. 26, 1003 ..| 120 0.54 1030 0-868 | 895 


It has been frequeitly stated that the water of the Sobat 11 flood is of 
a milky white colour aid that this gives the name of the White Nile to 
the mai1 stream i1to which it flows, but more accurately the colour of the 
flood water is a light brick-red when the river is rising to its maximum 
but by November it has cleared to a milky white as all the heavier 
particles have been deposited. By the time the water reaches Doleib 


1 МХ. Notes kindly communicated by Col, Sir C. Watson. 

* D. 120. 

3 Obtained by difference between volumes discharged by While Nile above and below Sobat 
mouth: 


Hilla after its course of 500 kilometres through the alluvial plain it 
coitaiis very little mineral matter 11 suspensioi, as is showa by the 
following analysis’ of a sample takei 11 September 1903 about 95 
kilometres from the mouth :— 


Parts par million 
In suspension:— 


Organic matter.. .. .. .. 


| Ф е a э a s traces 
Mineral ee ee e © oe e e da we 2 18°6 

In solution: — 
Lime „ө e es 25 ши ш 12°8 
Magnesia ee Ф ca à € * 6 | 2*4 
Soda | 
Potash ( ** ° ft tt з ө; з. Not determined 
Ammonia from organic matter .. .. .. 0*25 
Carbonic acid | 
d | | | зо . 9 ое ee e € tė T. Not determined 

Ц р uric ** e ¢ a 9 $ e e 9 ° э *? s зо trace 

Nitric 5 e 9 ee e © e 9 e © es Ф s 


Phosphoric ,, .. .. .. .. Not determined 

„This low amouit of suspeided matter explaiis the comparative 
freedom of the White Nile from said barks i1 spite of its low velocity 
aid the large volume of water which it receives from the Sobat i1 flood. 
The islaid immediately opposite the Sobat mouth may be due to the 
deposited material brought dowi by this river but also i, may be 
due to the po1ded up waters of the White Nile haviig gradually cut 
a chaiiel behiid the preseit islaid thus facilitating the drainage of 
the flooded area up-stream. 

summary.—In the Sobat river the) Wwe have а comparati vel y 
short moui1taii tract, probably 10t much exceeding 200 bitches Tae 
length from its source to Gambela, n which the stream Десет в about 
1200 to 1400 metres ; beyoid this Is a lergth of 540 балами in 
which the rapid flushes of the upper river die out, producing a regular 
rise aid fall. This association of mouitaii aid plain tracts, with but 
a short 11terveiing regio of valley tract where the slope is —Á— P 
results first 11 a large deposition of suspeided TEE | 

| 1 | ^ material immediately 

01 reachiig the ріал 18, aid also 11 a1 exteisive floodiig of the level 
couitry, which partly is evaporated aid partly maiitaiis the love] of 
the Sobat i1 October aid November whei the raiis on the ана 
have greatly diminished. | 


The share of the Sobat in the regimer of the Nile is an important 


1 By Mr. A. Lucas in the Survey Dejartment Laboratory, 


a {GO س‎ 


oie; in April the 400 cubic metres per secoid furiished by the White 
Nile upstream of it is increased by its early rise as soo1 as the rains 
reach the Abyssiiiai hills, while its flood water poided up 11 the 
White Nile valley during the Blue Nile flood, increases appreciably the 
supply 11 December aid Jaiuary. Finally the Sobat together with 
the Blue Nile, as the two variable factors of the low stage supply, 
determines whether the summer supply (March to Jure) i1 Egypt 
is a good or bad o1e, a matter of no small importaice in the preseit 
time of exteided регез па] irrigation. 
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Велі Shaigul hills rise above this. The basin is thei very shallow rising 
very geitly towards its east and west limits, and бело very slightly 
11icliied to the 1orth; the White Nile lies nearly 11 the ceitre of it aid 
by far the larger portion of the basia is less thai 500 metres above 
sea-level. 

In the ceitral portio1 a few isolated hills occur 1ear the river; the 
era1ite outliers of Јереје л aid Arashkol and the volcaiic mass of J ebel 
Ahmed Agha form well-kiow1 laid marks, but as a rule the couitry is 
low aid moiotoious. All seems to poiit to this part of the couitry 
being a plain formed by the accumulation of material derived from the 
degradation of the Kordofai hills aid those of the Gezira which must 
have beer of much greater height 11 former times. Reduced now to 
голо hills 11 ал area of scanty rainfall, no active erosion is 11 progress 
aid 10 streams flow to the Nile еуел 11 the rainy season, but all the 
raii that falls is speedily absorbed by the grouid, aid 11 the valleys 
such streams as may occur soo1 disappear beneath the surface. Thus 
the river flows through its alluvial deposits 11 a wide plain formed 
from the material furiished by the weariig dowa of the crystalline 
rocks o1 both east and west, where they still form isolated hills of 
granite aid other allied rocks. Pruyssenaere’ travelled along the easter 1 
part of the Баѕ л 11 1853 aid recorded graiite as forming the hill 
masses of Jebel Gule. 

On the west a more detailed exami1atio1 has bee1 made by Dr. Linck.’ 

He describes Kordofai as a plaia lying from 600 to 800 metres 
above sea-level, aid o1 this rise hills of moderate size to a further 
height of about 200 metres. Grarite and quartzite аге the predominant 
rocks, though at certai1 polits gieiss aid crystallire schists arc 
exteisively developed, and in some hilly regiois, as i1 Tegele, phyllites 
aid graiular limestoie occurs. Now a large part of the comtry is 
covered by a black soil more or less clayey, which 11 the dry ѕеаѕол is 
iitersected in every direction by shriikage cracks. Ihr the rains these 
rapidly close as the soil takes up water, while 11 the lower parts of 
талу wadies swampy flooded tracts are formed which rarely drain to 
the Nile but dry by evaporation as soo1 as the north-east trade-wiids 
recomme 1 се. 

Ii past ages this region must have беел a part of a mountain raige 
which has gradually Бее wori down til oily the stump remains. 
Ever to-day weatheriig is proceeding rapidly in a climate where wide 





i Pet Mitt. Erganzungsheft 51, p. 5 ff. 
2 “Verh. d. Gesell, f. Erdkunde," Berlin 1901, p, 223 aud N, Jahrb, f. Min, Geol. u, Pal. 1903. 


PLATE XVI. 
THE BASIN OF THE WHITE NILE 
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MEAN DAILY MAXIMUM. 





I LACE Jan. | Feb. | Mar. JA ril] May | June| July Aug. Sept. | Oct. | Мох. | Dec. | Year 


Dueim .. 33:2/34*1]37* 7141*2140* 8|40* 1137* 3130* 5 38* 9140 E STABLE SL] 37-7 
El Obeid. 28°7)31°0/35° 6/37 6/38737: 1347 3,32*8 34* 0,357 8/:34-0/131*3|. 3473 
Khartoum 25:0/32*4/360*1/3:0*6/42:0/41: 7138*5|37* 943 


Jalo" di 29'8|32-0,. 36'9 


MEAN DAILY MINIMUM. 


PLACE Jan. | Feb. | Маг. |A;ril | Мау | June| July | Avg. | Set. | Oct. | Хоу. | Dec. | Year 





ed pL Lx ЗИ ee — pu———À ] [c ee LS see PK ту —— AA 





Dueim ..|11:6112:2/17:35|21*6]24*6/25*0;23*5|23* 1:22*0/22*5]190* 2113* 7|. 19*7 
El Obeid .'11*2/12*6/14*4 20:0/21*2 22°2/22°7 323*:06/22*2120*3:15-*8/]12*5|. 1 
Khartoum 114° 811741184 '01218[25 3 "n 24*7|24*6;23:6120*5]16*5| 215 





RANGE— MAXIMUM— MINIMU. 


l'LACE Jan. | Feb. | Маг. [April | May | June! July | Avg. | Sept.) Oct. | Хоу. | Dec. | Year 


EE pees faire i [= ع‎ ЕЛЬ. ЕЕЕ Е 9 [сте т cani Sie c umma Uo E C nr TIENE: ا‎ EEE tee, гы 





Dueim ..|20*1|21*2/24*6,21*2|15*3/14:2/ L3: 8 13:215 4|1872]18*6/20*6|. 178 
E! Obeid .|17*5/18:5/20-8|17*6 17*5] 14-9) 11*6 107212*8|15*2 18*1119*0] 16:2 
Khartoum|14*1115:0/17*4 47:8 16-7 15° bi 3-2 14-6 1573 1573015461. 154 





| | | 
] LACE Jan. | Feb. | Mar. | Abril | Mav | June | July | Avg. | Sept. | Oct. | Nov. | Dec. j Year 





IRIS тру ET TF У Fou D с] Eye = вв — ташланы "Б, acd Ella Sr: n ت‎ ei ee Ко г-к р kee 


Dueim ..137701411*5/|413:2/45:5 14:2 43:8|41: 3 41:0]43:2144* 8) 44° 2/377 2| 42°3 
El Obeid .31*742*6|43:9 42*0]41*3139*6|33* 7138* 4137* 6/38: 7137°6/35°4] 39.2 
Ihartoum/36*0139*2139*6|44* 4|44*4]44* 7 42*3141*5142*06 41*8139:9/35* 9 41:0 





MEAN EXTREME MINIMU А. 


ILACE Jan. | Feb. | Mar. | Abril | Мау | June | July | Aug. | ме. | Oct. | Nov. | Dec. 








Dueim ..| 0:01 55111151 15°53) 20°0) 20:8 119°4119 BLS Si 152113-9] 7*8. 14,5 
El Obeid .| 6*5| 6*5/11*115:0 16*1/118*90/49*0/18*9/18*9 16*31]I2* 1! 6*0. 13°8 
Khartoum! 9*2/1129*4;13:3/10* 711971121: 4 | n 0100) 0) 1190 16: 110*8! 16:7 
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MEAN RELATIVE HUMIDITY, PER CENT. 

















l'LACE Jan. | Feb. | Mar. Abril | May | June | Jul) | Aug. | Sept. | Oct. | Мох. | Dec Year 
Dueim ..| 27 | 17 | 11 | 10 | 24 30 156 | 638 | 53 | 35 | 23 | 24 31 
El Obeid.] 28 | 20 | 16 | 21 | 31 | 40 | 62 | 71 | 62 | 40 | 30 | 26 | 37 
Khartoum} 28 | 26 | 17 | 15 | 22 | y | 


VAPOUR TENSION IN MILLIA ETRES. 


l'LACE Jan. | Feb. | Mar. [April | May | June] July | Ang. | Set. | Oct. | Nov. | Dee. | Year 








— TAT e Ee + Sc а IEEE 





a-——m | ———— | ————— | —M——— ШӘ c——— | c a Ј Шаани 





Deein sad МАА «pps 9950 39545 13.1115 01142 p pde DDI 4'8) 3:7 

El Obeid.! 1*1 3*0. 3.21 d*Ii1lO70,1173 15:5 1771 Hid 0*6! Gel) 4*6] 56 

Khartoum i di Lof 5*1| 87*2,11*0 ытан QNI 1:4| 6.6 8T 
| ] 





El Obeid. Гат. 13? 10' 34' М. Томо. 30° 13 39" E. ALT. 585 м. 


DATE Jan. | Feb. | Mar. 





April | May | June | July | Aug. | Se;t. | Oct. | Nov.| Dec. | YEAR 





——— | —— ЁЁ ———— | -————— | ——— | -———— Û -——— | -— |] ——— | — —— eee 


1902 Sls Т жа | шй ое ws 02; 105| 70 55 () 0| [322 
1903 0 () () () () О! ЗП 162] 21 2 0 () 214 
1904 O 0| lf 0O 2| w149| 67] 53 O 0| O 303 
1905 0 L () () 11 64) 162) 105| 46) 12 () () 390 





Mean.. () () () () 1| 24 108 110| 48 18 () 0 315 


El Dueim. Lart. 13°? 5V 31" N. Тоха. 32° 20’ 0" E. ALT. 396 м. 


DATE Jan. | Feb. | Mar. kail May June] July | Aug. | Set. | Oct. | Nov. | Dec. Y EAR 


mmu c اک ا‎ D а تڪ‎ zi ڇڪ‎ EEE —SS Кера. а Ee p e ie ee co——— MÀ "sé олкы HR I E "nu —— Ee de 





1902 к at о 0 3$ 0/137, OO OO 6 o 0 208 
1108 1 () 0 14 ( 94 59) 20 12 V (} 19% 
1004 о 0 O 0 O & 53) 46| 53, 0 2, 0 163 
1905 о OF OF O 8| 23, 23| 45 43) OF O 0 140 


м. мы: м eee | — мы м | м К —-——á——— AX | 4 


Mean..| 0 OF O O 14 $j 74| 55) 45 4| 1 0 201 
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Khartoum. Lar. 15° 3020 N. Томе. 32° 32’ 30" E. Avr. 378 м. 





DATE Jan. | Feb. | Mar. | April | May | Juve? July | Aug. | Sept. | Oct. | Nov. | Dee. | YEAR 





Нче. MO o — | oe ————— Oe ae” | с =ч —— ЁЁ —— | — ЁЁ aÓ————— of —— r——Á———Á—Á má 


1899 0 () 0 () 0 1| 13) 1? ? Ó () () 2? 

1900 () () () () 0| 23| s0| 50 22 N () t 180 
1901 () 0 0 () 0| lb 1 3 () N () () 4 
1902 (} () 0 (3 0| 116 5 2 Ü () 0 () ] 23 
1903 () () 0 0| 24 Ol Is} 12] 14 () 0 0 OX 
1904 0 () () () () 0| 34| 10 20 () () Ü 130 
1205 о al oF O| 6| т ид o 0 159 


cin j cu — m | ay uáM—ÓááÜ Qe eT, OO 
p = == 4 р = o- | IR NUR -—————— — À . Ы 


Mean.. () T () () 4, 22| 24) A 10| 10 (1 ( 107 


MEAN RAINFALL IN MILLIMETRES. 


I LACE Jan. | Feb. | Mar. jApril | May | June | July | Avg. | Sept. | Oct. | Nov.| Dec. | Year 


-—— ë ——— DD ———— | 2 -— | —— f — ÁA——ho Î ——— | ——— |o ————— ] ————— ДӘ o——XBÀ ee € 





El Obeid. () () (3 () О 4S; 18 () 0: 315 


Dueim .. () () () (1 14 Х| ТИ 55 45 4 1 () 201 
1 1 
Khartoum () () () () 1 25 24) 34) 10 10 () 0| 107 


PERCENTAGE OF MEAN WIND DIRECTION AT Durim. (Mar. 1902-Doc. 1904). 








| x гуз - — а КРЗ 7 MEAN 
MONTHS N N IZ E SE N SV w NW Calin DIRECTION 


es § .. ae eee G ———————— И е ry ——J ———— | r 


January ..| 54 1 О О 0 0| 45 0 IN 161° М 
February ..| 53 2 О 0 0 () | 45 О № 15° W 
March.. .,| 66 1 у 1 0 2 i| 23 0 N14 W 
April.. ..| 45 11 (5 4 0) ) 4| 20 IIN 2» W 
May .. e| 18| 3| 8| 9| 25| l0| 9] 14| 4 IS 45° W 
Jine .. oe 3 2 5 i 44 |. ۸ 16 6 I8 151? W 
July .. ..| 1 T 2| 13| 57| 16 5 T о 0 W 
August ..| 3. 2| 1| B! 58} 13| 7| 2| 1S 0G W 
eptember .. 2 () () J| NO 3 3 ] > |5 2 W 
October "ME 0 Ls í 20 N 1 14 > МІ" W 
November..| 59 б ( () () () 113 1х 10° W 
December..| 57 4 Ü () () T 0 39 OIN 13° W 


Thus the White Nile basin is an area where high temperatures and 
dry wiids prevail for about two thirds of the year,aid the precipitation 
during the гета1 1115 four months is for the most part very moderate 
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Jebeland the Bahr el Хага a miiimum supply of water which is 11creased 
more or less by the Sobat and Blue Nile, but as these vary accordiig 
to the raiis of the previous autuma it is the coistait supply brought 
dow1 from the southeri tributaries which is of primary importaice. 

Lake No or Mokre: el Bohur, is a very moderate sized shallow sheet 
of water, roughly four kilometres by eight and not as a rule more than 
2 or З metres deep. [1 the rainy seasoi wher the water level of this 
part is raised by the rise of the Sobat 11 flood, it is eilarged by 
the floodiig of the low-lying laid ол its shores, but this floodiig is 10t 
Yearly so great as has bee1 assumed 11 describiig the whole swamp area 
as flooded 3 metres deep. Гл September 1905 the water o1 the 1orth 
shore of lake No was about 75 ceitimetres deep due to the rise of the 
Sobat 11 flood, and betwee1 that date and the middle of December whea 
the Sobat reached its maximum the river rose about 60 ceitimetres 
more but its effect is probably to flood the valley of the Bahr el Ghazal 
where Dyé 10ted the maximum rise as 22 ceitimetresi1 December. At 
low stage the water slope from the Bahr cl Zaraf to the mouth of the 
Sobat is 111 38,500; with a rise of З metres 11 the Sobat and 1 metre 
at lake No the water-slope becomes 1 in 103,000. Whether the extra 
rise which took place before December further decreased the slope or 
whether as at Ducim the level at both places rise and fall equally when 
o1ce the critical slope has bee1 reached, the data at preseit available do 
not decide. The slope of the water surface from (: Һара Shambe to Lake 
No is estimated to be about 1 i1 19,000 so, that еуел if there was flood- 
11g to a depth of 2 metres at lake No it would disappear at a very 
moderate distaice up-stream and would 10t etail the flooding of the 
whole swamp area to a depth of З metres, as has been maiitaiied. 

It has been said more thai oic? that the chaiiel of the Bahr 
cl Jebel and of the White Nile betwee lake No and the Bahr el Zaraf 
dimiiished greatly 11 width between 1841 and 1880'. As there is 10 
evideice which will allow us to say that the raiifall 11 this area aid 
in the districts to the south of it was markedly less towards the eid of 
this period, it follows that if the statemeit be true, the marshes have 
11 these later years beei receiviig a larger proportion of the river supply 
thai formerly. 

Selim Kapitana o1 December 18, 1839 measured the White Nile 
just below lake No and gives? the width as 100 paces, the depth 34 
* Nouladjis "? aid the velocity 14 miles per hour. 


t The Nile 11 1904, р. 46. 


* Bull. Soe. Geog, Paris 1842 t. NVITL, р. 28, 
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From Jebel Ahmed Agha to Dueim, a distaice of 370 kilometres, 
these islaids and khors reach their greatest length and form a marked 
feature of this reach of the river; Paragi islaid rear Renk (lat. 11° 45’ №.) 
is 40 kilometres long and 4 broad, Bulli and Musran islaids are of the 
same leigth but rather narrower, while Abba Island is somewhat 
longer. From Dueim (lat. 14° №.) to Khartoum the river is of a 
differeit character; about a kilometre or eve1 more 11 width it is 
practically free from islaids, the khors exist 01 the left baik oily 
where they 11tersect a cultivated tract which is 11 marked contrast to 
the right baik where cultivation exteids but a short way iilaid, and 
beyoid this distaice is depeideit 01 the water derived from wells and 
from the summer rainfall. 

Thus the White Nile may be coiveiieitly divided into four reaches 
each distinguished by special features: 

1) Lake No tothe Sobat river 11 which low marshy areas occupy 
the baiks which are flooded i1 the late summer and autumi by the 
rise of the Sobat. 

2) The Sobat river to Ahmed Agha 11 which islaids are small, 
khors parallel to the malı stream are of coisiderable length aid 
o1 the left baik as far as Kodok after which they are o1 the right 
рал К. 

3) Ahmed Agha to Dueim 11 which the islaids reach a great size, 
lorg khors lie o1 the right of the mair stream, oily ore, khor Магог, 
a short distaice iorth of Jebel Ahmed Agha, being o1 the left. 

4) Dueim to Khartoum 11 which there are 10 islaids, khors are o1 
the left baak oily where most of the cultivation lies. 

These khors which rui parallel to the river and usually at a short 
distaice from it are typical of this part of the Nile; usually 100 to 
200 metres wide they are ofte1 2 metres aid more ii depth, and frequently 
coitaii water of varyiig depth throughout the year 11 the 1orther 1 
portiois; the southeri portiois rear the river are shallower. Though 
their dimeisiois are now so small they show every sigi of having bee 
former braiches of the river and oftei 11 all probability mark the 
approximate position of what was олсе the maii chaiiel but which 
now has dwiidled to small dimeisiois by siltirg up aid the growth of 
vegetation. 

The White Nile has beer put forward by Schweiifurth ! as a typical 
case of Daer's law, viz: that 11 coisequeice of the rotation of the 
earth a river in the 10rtheri hemisphere erodes its right baik more 
thai its left from the curreit setting more stroigly agaiist it. He 


1 The Heart of Africa. Loidoi, 1873. Vol. I, p. 54. 
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thesis. It is the assumption that the marshy plains of the Bahr el 
Jebel and Bahr el Ghazal represeit a former lake basi1 that 1ecessitated 
this hypothetical diversion of the Blue Nile. 

A series of discharges measured 11 the southern portio of the White 
Nile iù receit years are givei 11 the following table which shows that 
the volume passi1g dow1 varies betweei 350 and 450 cubic metres 
рег secoid except for the supply furiished by the Sobat i1 flood. It has 
bee1 suggested that the discharging capacity of the White Nile below 
the Sobat is the coitrolliig factor of the flooding above this poiit but 
this view is uiteiable. The gauges at Doleib Hilla on the Sobat and 
at Taufikia o1 the White Nile below the ju1ctioà rise 11 accordaice 
and it is not uitil the Sobat has begui to fall that the Taufikia gauge 
decreases more slowly thai the other siice the water held up by the 
Sobat flood can now flow away. The White Nile valley is wide and 
орел with shelving banks and there is nothiig of the ature of а 
coistriction which could hold back the water. 


DISCHARGES OF THE WHITE NILE’. 


: Mea) | Sectioi-| Men Dis- 
a uS WI deyth | al area | velocity | charge 














[e] 


ni. ni. In", ni. p.8. TRA DEA 


7 km. below Bahrel Zaraf Aug. 30, 1902| 167* | 4:88 | 813 | 0:414|. 336 
05 , м » Sept. 22, 1902| 270* | 8°90 | 1054 | 0°398) 419 
21 , above Lolle.. ..| Sept. 22, 1903| 180* "24 | 1034 | 0*435| 450 
05 „ below Lolle.. ..| April 16, 1903| 865* : 110 | 07492} 349 
91 , Sobat.. ..| April 6, 1901! 286 '87 | 1081 | 0:284| 381 


14 , „ Taufikia ..| April 17, 1903| 327 ‘30 | 1068 | 0.3451 308 
14 , 8 ..| Aug. 26, 1903] 404* 639 | 2174 | 0° 540 1046 
13, " " .. Sept. 26, 1903" 347* 07 | 2332 | 0:558| 1304 


© CUN WU ©. SS > 
az 


э” 


32 | 1983 | Q*656| 1272 


, 
Ф 


I3. x - z ..| Sept. 25, 1902 pu | 


* Much of the section was very shallow. 


The White Nile is i1timately сол rected with the pheiomeioi kiowa 
as the gree1 water. 

The seasoi of lowest Nile is marked by the uiusual greenness of 
the water, which has a marshy aid putrid taste aid smell, which 
роле or distilling oily iicreases. The greer colour is due to large 
quaitities of microscopic alge * which are floating i1 the water, aid it 
is the oil coitaii1ed in some of these which gives the uipleasait taste 
aid smell. Siice d'Arnaud, after his visit to the Bahr el Jebel in 
1841, attributed this alga-lade1 water to the rising flood of that river 


1 Re,ort on the (0, er Nile Ay). IV and Plate VIII о, p.q. 
? Kaufmani, “Revue de l'Egvpte," p. 105, Cairo, 1897, 
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the blue Nile is on its way down the river, and, flowing with greater 
velocity thai the green water, overtakes 1t, carrying it dowa before it, 
and thus produces the pheiomeioi of the suddei charge from the 
greei1 water to the muddy red-brow 1 flood. 

The volume discharged by the White Nile was measured in 1902 and 
1903! with the following results :— 


\Ү н1тЕ NILE, DUELL. 
| 








Mean depth Sectional arca Mean velocity Discharge in cuble metres 
= | | in metres. per second per second Салве In 
р - кырыы риа mctres 
р I W Y I W ] I w E | W | Total 
m 1! u ni? E ni? In 
1902 
May 13 .. ..] PH! .. | :2|. 408 ОФ ОТОК. [02535] Sl .. | 260| 317| tl 
Јале 1l .. ..| 1:6] .. 1 31| 0251 .. | 10380.14 ., 10*426| 205| .. | 4451 ом 1°09 
July 8.. 02^ 2] us 3°51) S42 ate 1261 |0*314 oe [05396] 277| <. oll 73| 1:44 
Aug. 5 .. «ef 278} .. | 89| 1217| ., | 1562:0*311|. .. |0*284| 385| .. | 482] 867] 2°20 
Sest. 2 .. ..| I| 1:4| 4°7] 2100| 372| 1990/0061] .. 10:10605. 37| .. 293, BHO] 3'48 
Oct. l .| 3°8] 1'6| 48| 1858| 490| 1878]0*190 oe [0:2760] 360] .. 510| 8570! 3'50 
5 2N 2:0! 1:5| 3-8] 1319| 500] 1753|0:268 .. [0:200] 365] <. 4371 802] 2°50 
Dec 1 2*0 xs 3°5| 1218 $us 1480| 0° 306 ss [07337] 392) че D38 V0 2°05 
s x 2:(| .. | det] 1198] .. | 142510506] .. 10*567| 623] .. | 695] 1518| 2:02 
1903 


: 2:2; .. | Fl 763]. .. | 1138/0*:257, .. |0°347] 213] .. | 450] 663]. 1:12 

“ей. 24. ое |3" 420| .. | 102010-187| .. [0300| 127| .. | 335] 462] (46 
Мат, 24+. Tet) .. | 2°6| 401 25 837109771, 10-4521 137| .. | 422| 559 0% 
April 21 . 1:3| .. |98] 406 .. 78010-24311 .. 10-4161 109| .. | 306| 415| 0°36 
Мау 19. 12| .. | 2°7| 8386) .. | 8270-297| .. [0-373| 122| .. | 325| 447| 0°38 
Јале 16. lek} .. | 229] 7089 .. | 1092|0°277| .. 10:379] 208| .. | 450] 658| 1:09 
July 1. 2-2 .. | 32| 86 .. | 13040°335| .. |0-416] 311| .. 1 573|) 884} 1:31 
„ 1+... «| 24 .. | 3:6| 1018| .. | 144210*298|. .. |0*318| 313] .. | 522| 8351 1.71 
Aug. £.. 35| 0:3, 3°91 1304 02: 16940-21711 .. j|U:264| 304| 45 768| 062:4 
ш. dL 3*5| 1:0| 4°2| 1698| 285| 1913|0*125|0*:087:0*131] 2281 31] 320| 579| 3:28 

‚ 18. З.Х) 1:3| 47| 1870] 390| 2152|0*136/0*14310*097| 254] 62| 215) 584 3°68 

ж. A. gi 4-2| 1:91 4:91! 2171! 573| 2416/0:127/0*08410*130] 2701 46| 338| бо 4°08 
. 28 .. УЗР 1*9; 4:9| 2186]. 560| 24190j]0:125[0*113/|0*142|] 269| 621 379) 710| 4°19 
Зе. 2 4*4| 2-2| 5:1| 2162] 625] 2483|0*15510*126:0*094| 332) 75| 164] rl 4:32 
5 P s 4°5| 2.3151 2250| 6501 250010*158/|0*108/|0*119|] 357| 62| 318] 737] 4°44 

„ 12... ..| 4:5] 2-:2| 5*:0| 2250) 649| 2450|0*150/0*084]|0*110! 309; 51 293| 653| 4°46 
18... ..| 4*5| 2:0| 51| 2230| 605| 2175|0:183|0*09010* 142| 397| 53| 390| 84| 4:23 

„ 2+. ..| 4'4| 2:0| Sel} 2240] 595] 2450|0+147|0,114|0°14К|] 320| 65] 378| 763| 4:31 
Oct. T. 4*4| 2:0| 5°0| 2195| 506| 2493:0:308)0:225/|0:255| 7001 110| 778| 1588] 3-98 
Nov. 3 .. 3:4| O*s| 4°1| 1657| 217| 1980/0*400/0*163|0-*404| 680: 35| S48] 1563| 3:11 
4,21 .. ..| ЗИ 0-31 4*0| 1556 90| 181G)0°450) .. [0:457| 773; .. | 892| 1665] 2°44 
Dec. 8... ..| 2:61 0°2| 37 7| 1410 40| 172410419 .. [0:427| 629! .. | 8331 14621 2:06 
є wd ..| 2:8| 0:1| 3-4| 1436 27| 1676/0*411 .. |0*415| 620] .. | 783| 1403] 1:80 


Jmn Û... 2*/| 0-11 3r8| 1349 23) 1710/07427] 2, 10*460| GOT] .. | 907; 1508] 1°06 
5» 20 2'8] 0°1| 37:7, 1351 25| 1666/0°438] .. |0*487| 603] .. | 863| 1466] 1-54 


Е = east chaiiel; I = island, submerged iı Hood; W = west chanel. 


I1 these discharges the holding up of the White Nile water by that 
of the Blue Nile, whe1 the latter 15 11 flood, is very markedly show, 
aid the slacke1iig of the current at this time of the year is a fact well 
kiowa to the boatmei of the White Nile. It is this which leads to 





t A Report ou the Uy er Nile, App. IV. 


EET 


the exteisive flooding which takes place above Khartoum, filling the 
khors and low-lying laid aloig the river with water, which draiis off 
whei the Blue Nile flood has fallen sufficiently; this is usually in 
October. To further prove this, a series of measuremeits were made 
11 the White Nile close to Khartoum, just above the juictio1 with 
the Blue Nile, i1.order to see if there was a very feeble velocity there. 
Seve sets were take1 during August and September, 1903, and the 
results are of coisiderable i1terest. ' 

On August 7, 1903, the measuremeits were made 1 kilometre above 
the ferry betwee1 Omdurmai and Khartoum; one poiit was in the 
easteri half of the chaiiel, the other 11 the wester1 half. 


EAST CHANNEL 
De ) th 


WEST CHANNEL 
Depth 


from surface. Velocity. from surface. Velocity. 
tuctrcs. etres per second, inetres. anetres per secord. 
0 0 0 О 
1 0 1 0 
2 0 ә () 
Э () З 0 
4 0 1 О 


On August, 23, 1908, measuremeits were made at three poi1ts—the 
first, A, was 11 the ceitre of the White Nile chainel close to the 
i1icomiig water of the Blue Nile; the secoid was 11 the mai charnel 
1 kilometre up stream; the third point was opposite the village of 
Ramela, 5 kilometres from the juictio1 of the two Niles. At a short 
distaice dowi-stream of A, the turbid waters of the Blue Nile could 
ре see1 carrylig dow1 with them masses of the clear White Nile water. 


August 23.— 






Depth 


from. surface. А. b. C. 
metres. metres per second, | metres рег весел. | metres per second, 

0 0*276 0*243 O° 204 
1 0*172 ()* 150 0*]198 
2 0*195 0* 083 0*099 
3 0*21s Q*034 0*075 
4 0*230 0*048 0*039 
) 0:195 0.018 0.023 
6 0*2641 < 0057 
1 0*184 е 0*078 
8 oo DE 0*034 

Meal.. .. 0:217 0:096 0090 





і Geog. Jour. Sest. 1905. 
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After these prelimiiary experiments, the measuremeits were made 
o1 August 28, September 4, September 11, September 18, aid Sep- 
tember 24, off Ramela, at differeit distaices from the right Бал К. 


August 28.— 





DEPTH 
FROM SURFACE. 


]. 
700 metres. 


FROM RIGHT BANK. 


II. 
1200 metres 


111. 


1400 metres. 


I V. 
1600 metres. 


———o——V————————À—— | ———————————————————Ó—u— || —c—— HÀ HÀ ó € ———————————————9 | ———————————————————————————————— Е Е. 


metres. metre рег second, metres per second, metres per second metres per Second 

0 0*000 0:070 0.034 0.000 

l 0*023 0*044 0° 00) 0° 000 

2 0* 000 0*028 0*014 0* 000 

à == 0.009 Q* O00 () OHO 

4 — 0*000 0*023 — 

ә — 0* 000 0*053 — 

0 — 0* 000 — — 

1 — 0*000 — — 

8 — 0*000 — — 
0* 008 0:017 0*021 U* O00 





September 4.— 





DEPTH 
FROM SURFACE. 


] 


700 metres. 


|I. 


100 metres. 


FROM RIGHT BANK. 


111. 
1200 metres. 


metres. — | metres per secoid. metres per second. metres per second, 
0 0*391 0* 200 0* 345 
1 0*278 0*200 0*255 
КА O° 306 0* 242 0* 283 
З 0* 278 0° 333 0* 230 Too rough to 
1 0* 200 0* 200 0*188 Mr 
5 0.368 0*257 0-181 йи 
Ó — 0*271 0*191 
1 — 0* 306 0*195 
8 — — 0*131 
Mean... ... 0* 318 0* 264 0* 222 


The effect of the wiid in forcing dowi the White Nile water 15 
here very marked. 


September 11.— 


FROM RIGHT BANK. 
DEPTH ——————— 
FROM SURFACE. L II. III I v. 


400 metren. 1100 metres. 1600 inetres, 2100 metres. 
metres. metres per second. metres per second, ` metres per second. | T metres per second. — 

() 0* 241 0*216 0:267 0278 

1 ` 0*051 О 126 (165 0*167 

Z 0*021 0*125 0:125 0*l61 

г) 0* 000 0*071 0* 103 0*120 

1 0° 000 0*067 (0078 0*156 

‚) — 0*043 0* 073 — 

Ü — 0* 000 0:075 — 

7 e" 0-012 0-062 вы 

8 = 0*014 — — 
Mean Q°003 0*082 0*120 0*174 








УГ 





JCKED IC 
Purchase full membership to immediately unlock this page 







че , - T. e د‎ 
Nu | : eh 


X. 























Over 2,000 years оё 
13 | human knowledge in 
a! 797,885 volumes 
д = 
Instant access 





$8.99/month 





Continue 





— 118 — 


l rom these results the effect of the Blue Nile flood is plainly seei; 
the complete abseice of curreit o1 August 4 was, doubtless, the result 
of the suddei arrival of the тал flood of the Blue Nile about August 
2 and 3, whe the discharge rose from 2870 cubic metres per secoid on 
July 31 to 7584 cubic metres per secoid on August 5. | 

Throughout July and August, 1903, at Dueim on each occasio: that 
a discharge was takei, the velocity was also measured at each successive 
metre from the surface at the deepest part of the section. 

The water was fouid to be moving at all parts of the section until 
September 2, whei there was а distinct reduction of the velocity 1ear 
the bottom at several of the poiits at which the velocity was measured; 
this layer varied appareitly from 1 to 2 metres 11 thickiess. The same 
occurred o1 September 7, but to a less exteit. On September 12 there 
was a layer of water a metre deep at the bottom which was 10t appreciably 
moving. This was fouid to be the case at five poiits--at 130, 175 and 
265 metres from the east bank, and at 148 aid 193 metres from the west 
baik. After this date the water was moviig throughout the section. 

It is now easy to see how Liiait obtained his discharge of 6041 
cubic metres per secoid for the White Nile in flood. He took his 
measuremeits 01 July 26, 1827, and therefore before the Blue Nile 
had reached its maximum; the surface velocity he obtained of 1.54 
metre per secoid must have beer taker very rear the juictioi with the 
Blue Nile to have so high a value, siice at Dueim 0'567 metre per 
secoid is the highest mea: velocity recorded 11 1902 aid 1903 and 
siice the volume discharged above the Sobat is 1early coistait, there 
ca110t be any marked 11сгеазе of this meai velocity 11 any year; the 
velocity thus obtaiied applied to the whole or a greater part of the 
White Nile section will accou1t for the high discharge obtai1ed. 

The earlier observatiois agree fairly well with those obtaivedii 1902 
and 1903 at Khartoum and Dueim for the Blue Nile and for the White 
Nile at low stage, but the flood discharges of the White Nile show a 
very large discrepaicy:— 








1902. Cubic metres 1903. Cubic metres Previous Cubic metres 
per second. per second. measurements. per secoid, 
July $ 827 July 14 835 July 5, 1848 3000 
August 5 910 August + (63 July 30, 1827 6044 
Sept. 2 350 Sept. 2 511 Sept. 1876 4351 








Ihusit is evideit that the surface velocities факел by former observers 
give a wholly false result, si1ce the greater part of the White Nile is 
being held up by the flood of the Blue Nile and oily a surface stratum 








1 
1 
. | 
ac Р 
— L———— ——— am— -_ P + =,- - ——— ——m с — сәна = т — шнш щш — $ Жы ‚ы-н. ë S——— یی‎ ee -® ләй Ulam P ue ON m OR в. — 
" 
T i 





| 
ls. 
| | 
; | 
| | | | 
| 1 
| i | | 
П i rae | . 
MINNIE н р —————.— qM 07 тг? 
MEME im ا‎ AS s о mm eL od 
Tow | БОКЕ | S dd Sdn | Hy 11 (iM. | 
- що еее —-— چ‎ RH ee eee ee lo o ooo o — A2 — ea. — -x — - —- ..- — — = س س ——— — — چ — — س‎ a — ee دت‎ 


iN ¥ pf At] 


СИИ wl 


ОДНИ‏ ل ل ا ل ААА‏ د ا س ee‏ س ا 


JJIN SLIHM NO 90073 NI JUN 310719 dO NOILOV 


хх ALV Id 





-. 


“у ПЫРТ 
А. 


3 


ب 


ee gs oe 


Е k ^ 


офі і FYI Tee 


ь аш 


манаг ГИ УП UA 


MHT vn Я 


Aar 


IU [T] кык” 


E 


E 
ш 
a 
+ 


[| 
И О ور .1او“‎ 


—————”ыЫ 


м 
аһа" ae о, 
М ТТТ 
- =p 


“Ad A JAHR 





OMA фз 
нй POOLE 
AO 10843 


roo. HC 
Wir ЛЕНУ 
AÛ ODE 


O04 cod 
WET! NOOIEPTITE 
au OMe 


cool МОА 


ADAY ипли 
o ONXA 


ин NC 
опто илип 
AO Diad 





THIS PAGE IS LOCKED ТО FREE MEMBERS 


Purchase full membership to immediately unlock this page 


ELVE INTO 
NTASY, МАСІ 


4, 








































‘Full Membership gives * 
‘access to 797,885 ancient MN 


and modern, fiction and = 







| 3 
A IA E Фр 
n чи 
1 Wa ~ 


"^... 
AL 


"s A 

"4 A 

yaaah 
a a 


„ а. 


Е. 
" 


=7 ad of 


Continu 


"Fair usage policy applies 


-- |0 — 


CHAPTER VI. 


Tur Вше NILE, THE ATBARA AND THE Aor EL GASH. 





The Blue Nile.—Haviig now traced the White Nile from its most 
southeri sources to Khartoum and studied its maia tributaries as far 
as our preseit knowledge will admit, the same may be dore for the 
group of rivers which flow westwards from the Abyssinian tablelaid, 
excepting the Sobat which has already бее described. The most 
importait of these are the Didessa and the Abai which with their tri- 
butaries form the Blue Nile, the Atbara, kiow1 as the бейш aid 
Takkazze 11 its higher reaches, aid the Gash or Mareb; each of these 
in their turi receive tributary streams of coisiderable size which will 
be alluded to later, but one and all are fed by the short heavy Abyssi- 
niai rainfall of May to September, and rising o1 the high tablelaid, 
pour dowa their deeply eroded valleys of high slope with great velocity 
carrylig their load of silt which 1511 part deposited o1 the fertile plaiis 
of the Nile 11 Egypt. 

The first stage will therefore be to describe the main geographical 
features of the Abyssinian tablelaid, its geology and its climate, siice 
these affect similarly the differeit rivers, determiiing their drainage 
lines, their slopes, and the volume of water which flows to them. 

Risiıg from the Sudai plaiis to an average altitude of about 2000 
metres is the Abyssiniai tablelaid, which exteids from the shores of 
lake Rudolf 01 the south, to the iorth of Eritrea where 16 Joins the 
ridge of hills which ruis parallel to the wester1 coast of the Red Sea; 
on the west it falls steeply to the wester1 slopes of the Beri Shaigul 
hills, and to the Sudai plains тог of the Blue Nile, while its easter 1 
escarpmeit, following closely the 40th meridiai as a steep wall of rock 
and rising at тазу polits to 2500 metres above the sea and sometimes 
еуел more, looks eastward over the low-lying plai1 some 300 kilometres 
wide which exteids to the Red Sea. Mouitaii ranges and isolated 
peaks rise to greater heights o1 this tablelaid, especially the Simien 
Mouitaiis (4620 metres) south of the Takkazze river and iorth of 
lake Tsara, the Chok plateau (4150 metres) betwee this lake and 
the Ара! river, and the mouitaiis (8000 metres) 11 which the Didessa, 
the Baro and the Birbir rise, the first-3amed flowing iorthwards to 
the Abai, while the other two flow westwards to the Sobat. It is 
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this high mountain region lying 11 the path of the East African 
moisui curreit which causes the moisture-ladei air to rise, and 
coisequeitly produces that heavy precipitation which feeds the Sobat, 
the Blue Nile and the Atbara and thereby provides the whole supply 
of the Nile, except some 450 cubic metres per secoid which is the 
joint coitribution of the Bahr el Ghazal, the Bahr el Jebel and the 
Bahr el Zaraf (see p. 166). This tablelaid slopes geitly westwards 
so that most of the rivers flow in this direction towards the Suda 1 
plaias through the deep gorges which they have eroded and follow 
the most devious courses before finally reachiig the lower level. 
The Takkazze rising 1ear the easteri escarpment flows at first west 
thei iorth and Тел west again; the Abai flows 1orthwards iito lake 
Tsara, but almost at олсе leaves it 11 a south-easterly direction, thoa 
beidiig rouid to the west, finally leaves the hills in an almost 
northerly course to Famaka 11 the Sudar plaiis. Too little is yet 
know: of these river valleys tq say what has determiied these abrupt 
charges of direction; 11 some cases more rapid developmeit of a 
tributary stream may have led to its becomiig the principal one and 
so diverting to itself drainage which formerly weit to others, which 
may account for the preseit line of the Takkazze; 11 other cases earth 
movemeits may have produced П тез of weakiess along which erosion 
could proceed more rapidly and thus 111tiated a valley line such as has 
occurred at оле place at least o1 the Abai (see p. 220), while the NW.- 
SE. and NE.-SW. directiois of its reaches 11 the west of Abyssinia 
seem to agree closely with the priicipal liaes of movement as givei by 
Кое ил. 

Thick sheets of basalt form the surface of the tablelaid over large 
areas aid the vertical Joints which divide it in all directiois greatly 
facilitate the formatio of the deep steep-sided ravines which are so 
marked a feature of the Abyssiiiai draiiage systems. The rock 
itself weathers fairly readily to a rich soil which is carried down 
11 vast quaitities by the flooded rivers 11 the галу seasoi to be 
deposited 11 the lower reaches of the Nile. Aided by these co1di- 
tions the larger rivers have excavated valleys 10 to 12 kilometres 
wide at the plateau level, and iarrowiig rapidly till at the bottom 
the river, 80 to 100 metres wide, flows with little more thai a belt 
of forest o1 either side. The river is ofte1 as much as 300 to 500 
metres below the plateau so that withi1 a comparatively short distaice 
lie the bare frost-bouid peaks of the highest mountain risiig to 
4000 metres above the sea, the cool temperate climate of the plateau 
at 1800-2000 metres and the oppressive tropical forest of the deep 


— em 


valleys which are avoided by the Abyssiiiais ол accouit of their 
uihealthy character. 

The area of the Blue Nile basia is approximately 331,500 square 
kilometres lying betwee the basins of the White Nile on the west, 
the Sobat and Omo о1 the south, the Hawash on the east and the 
Atbara and its upper portion the Takkazze o1 the orth and east. 
Startiag from Khartoum the limit of the basi1 follows the ridge betwee 1 
the Blue and White Niles as far as the Beri Shaigul district ; from here 
it turis southwards to Kirin and theice passiig by the source of the 
Yabus turis south-east following an irregular course between the trib- 
utaries of the Baro and those of the Didessa river. It now turis 
north to latitude 9° N. and this approximately marks the watershed 
between the Nile and the Hawash as far as Addis Abbaba, beyond 
which the easter1 escarpment of the Abyssiiiai tablelaid turns sharply 
to the iorth. From a poiit just north of Magdala ол the crest of the 
escarpmeit, the watershed betweei the Blue Nile and the Takkazze 
starts westwards and skirting the orth shore of lake Tsara ruis 
betwee1 the river Diider, and the Shinfa a tributary of the Atbara aid 
theice to Khartoum. Of the whole of this area it may be said that up 
to long. 35° E. it is effective as a catchmeit basi, but west of this 
what raii falls adds but little to the supply of the river though it is of 
great importaice to the agriculture of the district. 

Ihe geological structure of Abyssinia is kiowa 11 its broader outliies 
though much has yet to be dore to provide a complete description of 
this area. [ts 11fluence ол the rivers which drain it can however be 
traced partially from our preseit kiowledge. The tablelaid consists 
malily of a mass of graiite, greiss, and schists on which have bee. laid 
dowa beds of saidstoie above which 11 the easter portio1 the limestone 
beds of Aitalo occur. Subsequeitly to the formatio1 of these an out- 
pouriig of volcaiic rocks took place 01 a vast scale, which are divisible 
11to two series, the lower or doleritic basalt and the upper or trachytic. 
Erosion has removed vast masses of these rocks and hill masses formed 
of them rise above the geieral level of the tablelaid as witiesses of 
their former exte1sioi, but еуел today the area they cover is a large 
oie. Inthe iortheri portio, Eritrea, they are exteisively developed 
11 the 1eighbourhood of Halai, Cheiafeia, and iear the source of 
the Mareb; east of the Takkazze from lat. 13° N. southwards they form 
the surface of the plateau and are exposed 11 the river chaiiel to a 
coisiderable depth. The couitry rouid lake Tsara aid to the east of 
it, as well as much of the proviice of Gojam south of the lake, is 
malily covered by the same basalts aid lavas, while south of the Blue 
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Nile similar rocks occur from the valley of the Hawash river o1 the 
east to that of the Didessa o1 the west. From here westwards granite 
and gieiss with diorite, diabase, and horibleide schist, occur, showing 
that we have reached the platform ot the old crystalline series which 
appears 11 most of the large valleys such as the Abai, the Takkazze aid 
the Mareb, in their middle and lower courses where they have cut 
dowi through the overlying volcaiic series to the lower rocks, and it 
also seems that the wester1 foot-hills of the tablelaid between the Blue 
Nile at Famaka and the Atbara at Gallabat (Metemma) are mostly 
comprised of these older crystallhinerocks. The high tablelaid of south 
westeri Abyssinia drained by the Didessa and the Sobat is also formed 
of the volcaiic rocks overlyiig the gieiss and graiites which form the 
base of the plateau. ' 

From his study of the geology of the Abyssiiiai plateau betwee 1 
Addis Abbaba and the Nile at Roseires Dr. Koettliz? is of opii101 that 
there have beer two great periods of volca1icactivity; the earlier whe 1 
the basalt masses as well as lavas, tuffs and agglomerates were poured 
out through fissures and а later оле whea trachytes, rhyolites and a1de- 
sites were discharged from volcaiic veits, with their accompaiimeit 
of tuff. Probably 11 correction with these outbursts are the earth 
movements which have raised the rocks which form the Soddo moun- 
taàias betwee1 the Guder and Didessa, south of the Abai; they have 
рее tilted westwards aid show steep escarpmeits facing east and 
south-east aloig the line of fault, having a geieral 10rth and south 
direction. The Didessa is believed by him to follow another fault 
liae aid on the west of it the hills арал rise in steep escarpmeits 
towards the east while their reverse slopes iiclii1e towards the 
Yabus as ai undulating couitry. Неге the basalt is of 10 great 
thickiess aid lies upon the schistose, graiitoid and gaeissic rocks 
which form the mass of the hills, aid are much iitersected by 
1umerous quartz dykes. 

The heavy raiifall of Jure to September ло ол this elevated 
tablelaad of volcaiic rocks, which are much iitersected by vertical 
Jolaitiag, rapidly erodes stream courses 11 these strata, which deepe 1 
themselves uitil 11 талу cases they reach the uiderlyiig crystalliie 
rocks. The Bashilo 1ear Magdala flows 11 а ravine about 1000 metres 
deep of which the steepiess of the sides is broken by оле or two ter- 


і Neumaii Geog. Jour. Oct. 1902, р. 396. 
© Geog. Jour. March 1900, p. 264. 
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races; the raviie of the Jitta river is 1050 metres deep with similar 
terraces, and the Takkazze flows 11 оле about 600 metres deep at a 
point some 16 kilometres from its source. ' 

similar terraces are reported to occur i1 the valley of the Abai but 
the description of them is 10t sufficiently clear to show whether they 
are due to differeit degrees of resistaice 11 the beds which form the 
sides, or whether they represeit periods whe the Abyssiiiai tablelaid 
was stationary and rivers were able to wider their valleys, uitil a 
reiewed rise enabled them to cut their chaiiels rapidly deeper. The 
polit is of coisiderable iiterest and worthy of iivestigation. The 
volca1ic rocks weather comparatively easily and provide a reddish brow 1 
soil which is carried away 11 large quantities by the streams 11 the wet 
seaso1 and is borre by the waters of the Blue Nile aid Atbara to Egypt 
where it is partly deposited o1 the flood plains of the river and partly 
carried dow to the sea. 


Climate.—Situated betweei the 6th aid 16th parallels of 1orth 
latitude the Abyssinian area has a typically tropical climate except 
for the strip of low-lying couitry o1 the east, betwee1 the plateau 
and the Red Sea, where there are regular wiiter rains. It beloigs 
climatologically, as Woeikoff has said, to the region of the African 
moisui; over the greater part of the plateau October to April is 
an almost raiiless period during which the prevalent wiids аге from 
the 1orth aid east; 1orth and 10rth-east wiids prevail i1 the rortherà 
and westeri portion with i1orth-east and east wiids 11 the eastern and 
southeri areas. 

This dry season is followed by the rainy season, which is heralded 
by the short period of the lesser raiis lasting about 3 weeks, and 
occurriig 11 the latter part of March in Kaffa, and 11 March and April 
11 Shoa, and Eritrea. At these places a distinct decrease i1 the rainfall 
occurs 11 May, while 11 Jure the rainy reaso1 proper commences and 
reaches its maximum 11 July aid August; 11 the middle of September 
the rain decreases abruptly and by the eid of September it is 
practically over. | 

In the plains of the Sudai this aiiual alterıatioı of dry aid wet 
seasois occurs regularly over wide areas with little differeice except 
that the amouit of rainfall decreases steadily as the rain belt moves 
10rth. 





t Marsham, Jour, В, Geog, Soe, 1968, p. 41-44, 
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Bruce’ 11 1770 and 1771 measured the raiifall in these two raiiy 
seaso1s and kept a regular record of pressure, temperature, and wiids 
from Ist Jaiuary 1770 to the eid of Мау 1771. Гл 1831-33 Eduard 
\iippel? travelled iı Abyssinia and observed from 19th September to 
the 17th December 1831, aid from 20th Jaiuary 1832 in Massaua, 
two moiths 11 Нам, from 8th. July to the 4th October 1832 11 
LEntchetkab, and from 15th October to 30th April 1833 11 Goddar. 
Aitoiie d'Abbadie took observatiois at Goidar from Ist July to the 
13th October 1838; he also published” six years observatiois on the 
thuiderstorms of Abyssi11a. 

From 1839 to 1843 the expedition of Lefébvre* worked 11 Abyssinia 
their observations 11cluded pressure, temperature, humidity, wind ала 
rainfall. | 


11 May — 5 Јале 1839... ... ... ... ... Massaua 
9 July = 19 July 1839... 0. ... .. .. Adua 
2). 3s — 28 December 1839  ... ... ... Massaua 


б June — 17 September 1811  ... ... ... Adua 
30 March —.20 April 1842 ess e oce АМ 
24 April — 15 May 182... ... ... ... .. dehelmekot 
25 Јале — 5 October 1842 ... ... ... ... Adua 


From 1840-42 Ferret and Galinier were i1 the couitry and ii the 
accouit of their 11155101 ° they give observatiois for temperature aid 
rainfall. 

Major Harris’ political mission to Shoa* 11 1841-2 took observatiois 
of temperature and wiid from August 1841 until July 1842 and recorded 
the 1umber of газу days 11 each month аё А 1 Кобег. 

I1 1861 Theodor v. Heuglin with Steudner, Haisal and Schubert, 
speit the rainy months of July, August, September and October at 
Kere and took regular observatiois of pressure, temperature, humidity 
wiid aid raiifall.’ 

Ia 1865 an English mission, consisting of Rassam, Prideaux, and 
Вале, was seit to Kirg Theodore aid was by him kept 11 confinement 
at Magdala till released by the expeditior of 1868. Blare kept records 
of the meteorological coiditiois throughout his journey and from 12th 
July, 1866, till 7th April 1868 at Magdala observed the temperature, 


a 


| Travels to discover the source of the Nile, 2nd Ed. Loidoi, 1805, Vol. V, p. 407 ff, and 
Vol. VII, 1 ff. 

? * Reise in Abessiiie1" 1831-33. Fraikfurt-a. M. 1838. 

3 * Observatio1s relatives à la Physique du Globe fnites au Brésil et en Ethiopie," Paris, 1873, 

4 "* Voyage en Abyssinie,” Paris, Vol. IIT, p. 159-199. 

3 “ Voyage en Abyssinie”, Paris, 1847, Vol. III. 

0 The Highlaids of Ethioyia, Loidoi, 18H, Vol. III, р. 327. 

7 “Reise nach АБеѕзізіел,” Gera, 1874, р. 104. 
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wiid aid weather four times daily.. His results are giver in the account 
of the expeditioi.’ Roblfs’ also published data taken during this 
expedition. 

The whole of the foregoing data have beer ably discussed and 
summarized by It. Nordma11* while Dove“ also utilises them, as well 
as others for Roseires and places on the Sudar plains which we owe 
to Russegger. 

[1 receit years more observations have bee1 accumulated but a 
coisiderable 1umber of them have 10% yet beei published. 

For Massaua and Assaba useful discussion of their climate is due 
to Petella,’ and siice the observatiois have bee: takeı but appear to 
have реет published i1 part oily. [1 1902 Taacredi published a very 
full accouit of the climate of Addi Ugri (lat. 14°55" N.)* utilising 
data of 1894, 1895 and 1899-1902. At Addis Abbaba members of the 
staff of the differeit Europeai represeitatives have taken observatiois 
which erable us to compare fairly satisfactorily data from 1900 to 
the preseit time for temperature, pressure, humidity, rain and wind. 
The Italia statiois of Сіл да, Massaua, Addi Ugri, Asmara, Cheiafeia, 
are now furiishiig data for the i1orther1 area. là the south very 
few observatiois have bee1 made; at Lugh Dr. Ferraidi’ observed 
from January 1896 to February 15, 1897 and the Bottego expedition" 
furiishes most valuable information for the southeri part of Kaffa ; 
Cecchi’ too betweei 1878 and 1881 тһе crossiig the couitry 
from Zeila to Kaffa, Gojam and Shoa added to the existiig stock 
of material. For the rainy season Michel's  accouit of the summer 
raias at Gore is most iistructive. Besides this there are 1umeroas 
isolated observations of differe1t travellers, but most of these fall 11 the 
fiie, dry ѕеаѕо and coisequeitly are of oily comparative interest. 
Since 1900 the Survey Department has established several statiois 11 
Upper Egypt and the Sudai. from which observatiois are available, 
but the series though of coisiderable value are as yet too short to fur- 
115 accurate 10rmal values. 





1 A history of the Abyssiıinı Ex edition, Clements В. Markham, Loidoi. 1869, 

* “Im Auftrage seiner Majestiit des Königs von Preussen nit dem eiglischer Ex editioiskorys 
in Abessiıie1."" 

З “ Das Klima von Abessinien,” Marburg, 18858, 

4 * Kulturzoie1 von Nord-Abessiiies," Pet. Mitt. Erganzungsheft Хо, 97. 

> Rome, 1894. 

б Boll. Soc. Geog., Rome, February 1903, see also Boll. Agric. Eritrea. Sept. 1905, 

7 Lugh. Rome, 1902, 

8 L'Omo, Vannutelli, and Citerii, Milai, 1898, 

* “Da Zeila alle froitiere del Сайа,” Rome, 1887. 

10 * Vers Fachoda,” Paris, 1902, р. 530-1. 
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The temperature of the summer months is mild aid еуел cold at the 
higher altitudes, so that the oppressive damp heat of a rainy season 11 
the low latitudes is not experieiced; but though this is true of the 
greater part of Abyssinia, the low уо couitry at the foot of the 
plateau aid the deep raviies of the maii rivers, with their rai К vege- 
tation, preseit typically tropical coiditiois, and by their sheltered 
position maintain them throughout the year. The hot aid dry NE. 
trade-wiids which sweep over the plains of Egypt aid the Sudai during 
most of the year, ca110t peietrate into these valleys which, like those 
of the Abai, and Takkazze гил from east to west, and at the foot of 
the westeri escarpment the deise woods and bamboo juigle preveit 
rapid evaporation from the grouid, though at a short distance away, 
west of Gallabat for example, the desert steppes commence. 

For the detailed examiiatioi of the Abyssiniai climate ло lorg 
series of observatiois are available, though some exteidiig over two 
or three years are available for several places. Besides these, travellers 
furiish 1umerous isolated observatiois which, though of less value, 
aid in furnishing a picture of the climate. 

The localities are give 11 the following table :— 


METEOROLOGICAL OBSERVATIONS TAKEN IN AND ROUND ABYSSINIA. ! 








Place. Lat. N. | Alt. Observations. Date. Refere ice. 
— | m. m 
--— 19? " _ | { Temperature, Rai», Wind... 1890-1904 survey Det. 
— | a ? | | Pressure... ... sess 1902-1904 do. 
Tokar... ...| 18 28 19 | Temperature, Rai», Wind... or Egy tiai Army. 
| ne Pressure, Tem erature, | , 
Derbei ...| 18 1 350 j Humidity, Wind f 1901-1904 Survey Det. 
Pressure, Temperature, | . 
Keren... | 15 47 vun | Humidity ... ... f Jul y-Oct. 1860 v. Heuglin. 
Temperature, Rain ... ...| Sep.1890-April 1896 | Italia1.* 
. "M ( Pressure, Теп уегабиге | : Petella. 
Massaun ...| 15 37 19 t Humidity, Rain, Wind | ышы ш. | Italian. 
| Sep. 1890-July 1891 
А tx іа | Tem perature, FN | May 1894-A yr. 1895 | [tali 
smara — ..., 12 2534: aliai. 
| Pressure, Tem erature | Mar. TT 1902 
TN ت‎ >~- | Í Pressure, Tem erature, | 
khartoum ...| 15 40 385 l Rai, Humidity, Wid. | 1900-1904 Survey De yt. 
Kassala ...| 15 31 530 | Temperature, Rain ... ...| Nov.1894-June1895 | Italia, * 
Halai ..| 15 00 |2563 | Temperature Вай. ... ...| MayeDecem, 1894 do, * 
Tem erature, Humidity, | | Ayr. 1894-Deoc. 1895 | do, ° 
Addi Ugri ‚‚.| 14 53 9022 Rain, Wind, T ) Jan, 1899-Dec. 1904 


PreABUre os. s ses one) d Jan, 1902- ес, 1904 do, * 





{ Up tu December 1204 ouly, 
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9. Dega or highlaid, the part which rises above 2400 metres. 

The Qolla iicludes the belt of couitry o1 the wester1 slopes of the 
plateau, betwee it aid the arid plains of the easter1 Sudan, as well as 
the valleys of the principal rivers; Dove! would i1clude also the basi 1 
of lake Тала. | 

The Woina Dega forms the greatest part of the Abyssinian plateau 
slice the mountain masses of the Dega are confined to Simien, 
Mouit Guia, and the Chok mouitaiis 11 Gojam and a few other 
localities. 

The low couitry betweei the plateau and the Red Sea kiowa as 
the Samhar is climatologically distiict from the rest of the Abyssi1ia1 
area si1ce it has wiiter raiis, instead of the summer monsun ralis of 
the rest of the couitry. 


Temperature.—The highest temperature is met with o1 the 
plaias of the Sudar aid here we find also the greatest raige of tem- 
perature since the dry clear air allows rapid radiation at night. [1 
the Sambar high temperatures also occur but the air is damp from the 
proximity of the sea and the raige is much less. Wad Медалі от 
the Blue Nile, and Massaua o1 the Red Sea are typical statiois of these 
two areas. 


Wad Medani. (1909-1904). 
Lat. 14° 24’ N. Lona. 33° 31’ E. Дит. 410 METRES. 


Мел 1 Meaa 
ее Мих Miinmum Range 
| 0 | «c | = Co 
January... es oe ce 21°6 34°] 15*0 19.1 
February .. .. .. 23°0 9*5 15*1 20*4 
March e Xu е d 20 30* 7 15*0 21°7 
And ac se as x5 30°2 41,9 23*1 18۰9 
Miy oe es ssm ss 32:3 43°4 2400 18'2 
JUNG Ge sm ae x 31°] 41°6 23°7 17*8 
July .. ès eù € 28°6 30° 7 21°38 16°9 
August ss .. эж ee 27°7 35.3 21.6 16°7 
September .. .. .. 28*0 39°06 25° 15:9 
October... se .. ae 29°3 41°2 22°3 17°) 
November .. .. .. 21(*2 39*1 20' 1 18:4 
December .. .. .. 23.2 9*0 16°3 19.6 
Year êê жё ee 2/59 891 20* 6 15*5 
Pet. Mitt. Erganzungsheft, No. 97. Gotha, 1889. 
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Massaua. (May Is85-April 18233.)' 
Lar. 15? 36' 40 N. ALTITUDE. 19:5 METRES. 


E ee €———À À——— a ee K———— DD Еро ЕЕ س سس‎ СНО 
[су = e s зеет ее == с се ask S = зе NCC ON KM YI 





| Mean Mean 








' Чеш Maximum Miiinium MO 

verhis] Co | «€ | | о с | v Т‏ ل 
January... ds жа i 25*0 280 22*5 6*4‏ 
February .. .. 26°) 20*6 28:0 6*0‏ 
March .. .. .. | 27.2 30°6 91*1 6*5‏ 
April vs | 29 *0 33*5 25°8 6*7‏ 
May 31*5 34° 7 28*0 6*1‏ 
June "n 33°35 оо 29*6 7:9‏ 
DU «с sp xs 34:8 38:7 31'6 (hal‏ 
August ss .. sš ы 24:1 30°60 31° 4 G2‏ 
September .. .. ..| Bo) ° 3 369 Zee 6*6‏ 
October... .. «se .. SLE 22*0 28*2 6*3‏ 
November .. .. .. 29۰9 - 32.1 25.5 Har‏ 
December .. .. 21*0 30°5 23°2 7°3‏ 
Year .. es es 30°3 33°8 26*0 6*0‏ 


The fall of temperature at Wad Medari 11 Juie-September duriig 
the summer ralis is 10t experieiced at Massaua where the maximum 
is reached 11 July aid the lowest temperature coiicides with the 
Wiiter raiis of January, siice there is no rain in the summer months 
o1 the Red Sea coast. 

At Assab coiditiois similar to those of Massaua prevail, but the 
observatiois there do 10t form so lorg or so complete a series. 


Assab.—Lar. 12° 59 N., ALTITUDE 6 METRES.! 




















Moithly | Meni Mean 
Mea Max. Ми. Канде 
О | Q | C | c гы 
January +. ‹.| * 25.6 | 28*2 | 92.7 | 5.5 |(* for 1886 and 1887.) 
February .. ..| * 2577 | 28°3 | 22*6 |. 5,7 ü for 1885, 1886 and 1537.) 
March.» ‚.| * 27°7 | 8000 | 241 |. 5:9 (f for 1885, 1880.) 
April .. e. «of ^ 28°06 | 31:09 | 250| 6*9 
May ss we wel "ОО 25*'2 4 3*2 
Jule e. à "09 2 | 372 | 27°3 | 9'9 
July .. .. t 35°5 | 39:3 | 30:1 | 1:2 
August... e. t 35:0 | 38:9 | 290 | 9:3 
September .. T335:8 | 3673 | 2:280 | 7*3 
October .. .. $ 30°2 | 33°2 | 26°2 | 7:0 
November .. «-| 21:4 | 30°2 | 24°2 6*0 
December .. i25:5 | 2872 | 21:58 0° 4 
Year .. .. 29:9 | 33:0 | 2577 | 7-2 








t Petella, Massaua ed Assah. Rome, 1894, 
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[1 the Qolla region there are few places where a lorg series of 
observatiois have bee1 made. Isolated observatiois at Roseires, aid 
Gallabat are available; more regular ores for Kerer 11 the orth, 11 
the basi1 of Aiseba river at ai altitude of 1460 metres, exist, aid also 
at Giida about 30 kilometres south-west of Massaua aid at a1 altitude 
of 962 metres, but ever at Kerer we are ieariig the upper limits of 


the Qolla region. 


Keren (1892 and May 1894.—April 1895). 
LATITUDE 15° 46’ 44'. ALTITUDE 1460 METRES. 


Mo ithly Мел 1 Meni 





| 6. Range 
Men. Maximum. Minimum. 
| €9 || c | c | Cc -. 
January +. ese se se à 18*3 25°1 13°6 11:5 
February es ee .. os oof 192 im: a = 
March .. es os о 21°9 29°) 14,1 13°] 
Aprile. .. oe es ee 23*4 27°7 16°3 11°4 
MAY e se so тё зе + 25*6 31,2 18:6 12°6 
JUNG.. “0. s. à бе ж 22° 20°27 15°4 10°8 
duly is se за ës x sel 20 23:2 14*0 9.2 
August cu жа йо 5 18*9 20*3 15*3 5*0 
September св эё зе чи 19*6 24*5 132 10*6 
October .. .. .. se œ 19°9 25°3 ]15*1 10:2 
November. es «+ es à ]9*6 26*4 15*2 11°? 
December . .. .. es 18°6 25*9 14*0 11°0 
Meals. ec ev 20*7 25*0 150 10° 
Ginda (August 1891.—A pril 1895). 
LATITUDE 15° 26' 13". ALTITUDE 962 METRES. 

Monthly Мел 1 Meni Hane 
Mean. Maximum. Ми ипит. 59 

еи C? C? C? 

Jaa Le агу © e o © e € e è e 6 18° 3 22°72 14°4 1*8 
February se se ee oe oe 19° 6 221 16*3 6*4 
March e 9 e о e ә e © ee 20*5 23-4 17*4 6*0 
Aprile. .. 06 «8 oF € 21*0 28*0 19*9 8*1 
AV as эк ee os o " 20°40 31*3 22*5 8*5 
Jees wa a “a do 66 29°4 34°6 94*2 40,4 
July ee e è e Ф е ө € 29°6 34*1 25,2 S t 
August se se of oF os 28*] 31°60 24*5 1°] 
September <. jx жа 28°3 33*5 23*8 9*7 
October .. œs "m 24*9 20*5 20*1 9*4 
November Шы m ж ER 22*() 20°8 183.8 8*0 
December 4% e o 20*2 23*9 16°7 6*5 
Mom.. є we 24*4 28.4 20*3 8*0 
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Addi Ugri. (April 1894, December 1895 and 1899-1904). 
LATITUDE 14° 53'.— ALTITUDE 2022 METRES. 


Моё Шу Mean Meni 





Mea. Maximum. Miiimumn. Ruige. 

| о | c | ce т (c? 

January se ss sè oo ж 13:1 25*06 1]:3 14:3 
February... .. .. oe ..|  19*0 27.4 11.5 15*6 
March sp «+ se жи ss 21°3 2058 13°6 16.2 
Aprile. sè së yr же oe 21*3 20*4 13.5 150 
Maiy os ce we ш we. ша 215 28۰4 15*2 ]3* 1 
| Орех сое же e» Se ча 20°90 2774 ]14*4 13:0 
Hi ee жє Se deb d эг. 18۰2 25°) 13°] 10-4 
АОН <i же xw da wa 1/*32 25*0 13°] Dex) 
September .. ss ee ee 100 29" 13°b 11:0 
Octobr ss sa as sa sel 193 27*0 120 14°1 
November бя эт со ёз 18°3 25*9 11°6 14:3 
December SP we же з 1{°4 25°4 10°4 15°0 
Mears .. .. ..| 104 2076 | 12:0 13:7 

Addis Abbaba. (J uly 1895— December 1904). 
LATITUDE 9? Q'.—ArrITUDE 2440 METRES. 
Moithly Men 1 Meni absolute 

Mean ` Minimum. | Maximum ۱ [птш кыда 

OC | Co | GC | c C? 

January us ae es аж ws] 100 7'2 22°90 4°? ]5*7 
February... .. .. .. ..| I2 S°6 2E 2*4 17:7 
March .. .. se .. ool 47:8 10°0 24°4 6*0 IN'4 
A ce sue Жї we we жа 1 10-2 22*t 5*0 14:9 
ау e ө e 9 € о Ф € e © e o 17°3 0*0 93*1 1^0 16*7 
June.. os oo ce of ee} 15°] 0*8 22*0 S0 14°0 
July ua .. wa ot x a 17 10:0 2072 8:1 12:1 
АЛЕНЫ ss. sè o se же М 1070 19.8 7°8 12°0 
September .. .. .. e} 144 0*3 20*3 179 12.4 
October .. .. es .. ..| 150 34 22*() 5*6 104 
November .. .. oe of 1673 6*8 93 *() 4*0 18*0 
December.. .. .. .. «| 15:6 6*9 7 3°7 15:0 
Mei. . .. e| 157 | 89 | 221 6°3 15-8 


For Adua we have two short series of observatiois take1 by Lefebvre 
11 the rainy season of 1841 aid 1842. 


Adua.—LaATITUDE 14° 10' N. ALTITUDE 1910 METRES. 











1841 1812 Mea. 
C? (C? С° 
Jine жи se же ar o Be Oa 22.6 — 22*6 
JUN ss ma x» X Se ЗЕ жа 20*6 20:3 20°4 
August ss oe e£. oe oe > 19,7 19*6 196 
September... es н 19.2 19*6 19.4 
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From фе Dega ог hill-couitry we have observatiois from five sta- 
tions early all on the easteri edge of the plateau, viz. 





Latittde. Altitude 

met rex 

Asmara . 2e... 1»? 90 97" 9372 

Halal we as за за «wal 14 59 42 2565 

Entchetkub.. .. .. «| 13 6 2060 

Millis sa с. .. с. 11 23 2160 

Ankober. .. .. .. .. 9 35 2500 

MEAN MONTHLY TEMPERATURE. 
Asmara Halai. Entchetkab. | Magdala. | Ankober. 
January .. se oo s. | 15*4 — — 13°7 110 
February e « e o e 9 e o» e o 15*6 = ج‎ 14°4 12°60 
March .. .. .. ee oa oo 16°8 — == 10°4 14°0 
April se .. o. «8 «8 os 16°7 = — Lied 12.0 
May к Gk se же) lL 14°7 _ 49-0 15:4 
June 2 aa we. oe vet 182 14°8 — 114 16.7 
July ss srs we se жє же) Ш" 12*0 — 15*2 142 
August... | l6*3 10*5 11*0 14:9 13*2 
eptember is we i ös dw Jte 10°] 11:4 15.2 2°) 
October "TP 14-0 $91) 12,1 13:3 ]1*2 
November T 14°60 15° 4 — 13527 ]1'1 
December .. .. ee 15°0 13°7 — 13*4 11:0 
Mean... .. | 16:1 — — 14.5 18:0 | 
Asmara. Halai 


Мау, 94-April, 95. March. 01-Jan., 02. May- December, 1894. 


Mean Mean Mean Mean 
Maximum. Min. (94-95). Maximum.| Minimum.| Ке. 
У C e C? C? с» 
January 255] TH January — — — 
Februory 2268 (t2 February — — 
March 21*4 °4 March -= س‎ — 
April 23°8 1۰ April — — — 
May 25*0 Sti May 21*2 2*2 194) 
Jine 25.3 11 °5 June 25°0 1*6 19,0 
July 22.0 10*1 Jily 20*0 3°35 17°] 
August 21۰0 11*2 August Lieb 0*0 14°] 
Septemb. 22°60 11°1 Neptemb.| 10°4 3°38 ]2*6 
October 20°0 10°9 October | 14°1 1*8 1253 
November 20*5 10,9 Novemb. | 19°7 1*1 12°6 
Decomber 21°4 6*0 Decemb. 2]'0 DN 15°5 
Mean .. zs | "э Mean..| 19% 1:4 15*4 





1 From Nordmann, * Das Klima von Abessinien.” 


Magdala. Ankober.' 
Meni. Mean Rai ve Meat Mean Pcie 
Maximum.| Minimum. m Maximuimn.| Minimum. БИ 
C? C? (o MEM T (C? C? 
January. | 21:4 2*0 15°9 January 14°6 (*5 7.1 
Кебгиагу| 23.3 60 Jord February | 15 5 du 673 
March 22*8 3.0 16*9 March 1,1. JO0*5 6*3 
April 28*0 КЫН 19:7 A уг1] 15:0 10:7 1^3 
May 21*8 10:5 17.8 Мау 18°۰1) 12°8 (2 
June 28:3 o*4 18۰9 June 19-0 1:4 1*6 
July 2) S2 15*0 July 1170 11:32 9*1 
August 24°] S*6 15°) August 15:3 10۰0 5:0 
Septemb. | 20*3 ГЫ 13°3 Septemb. | 15:6 10:3 9*9 
October 21:4 ТЫ! 14° October 14.2 1*3 6*3 
Novemb. | 21*7 5*2 18*5 Novemb. 11:3 T'S 6*2 
Decemb. 22۰0 3*2 18۰8 Decemb. 14,7 i*0 TESTI 
Mean..| 23:7 1:2 10.8 Mea1..| 15°9 10°] 5*0 
Yearly Mean Mean Mean 
PLACE. Mean. Maximum. Minimum. lange, 
Wad Medani.. <. 21.5 59*1 20*6 ]5*5 Nudan. 
Suakin .. .. es 21*06 33°] 23.8 0.3 Sambar. 
Massaua.. se «e 30*3 33% 20*0 6*t А 
Assab зе s we 20.9 33*0 20*1 1*2 
Ginda .. .. .. 21*4 28'd 20*3 S*0 
Keren .. .. ..| 207 25*t0 15:0 10°8 Qolla. 
Gondar .. .. .. 192 22.1 ]4*5 0.3 » 
Addi Ugri .. .. 19°3 26*8 17,5 14:3 Woina. 
Addis Abbaba — .. 15*1 — 8۰4 — Реза. 
Азтага .. .. .. 16*0 28) 9.3 13:6 а 
Magdala.. .. .. 15:3 2*4 1*2 10°35 Е 
Ankober.. . T" 13*0 15,0 10,1 EP 5 








The differeice betwee1 the mear maximum temperature of Magdala 
aid Aikober 1eeds explanation. 

lo review the temperature coiditiois of the Abyssiiiai plateau 
compared with those of the surrounding couitry, 1t may be said that 
owirg to its elevatio it e1joys a mild climate with a moderate raige 
of temperature as compared with the lower lying Sudai plains where 
the mean maximum temperature for the year is 39° 8’, and the теал 
raige is 18° 2’; on the easter1 side 1ear the Red Sea the mean temper- 
ature is higher thar оп .е plaiis owing to the much higher meaa 
mi1imum and the meai range falls to 6°.9. 





|! The Abyssinian Ex edition, Markham, А )), €. 
2 The Highlaids of Ethioyia, Harris. Vol. II, App. I. 
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Tokar.—PnkvALENT WINDS. 


1858 N N N N N 


WN W| SW | SSW | WSAW) NNE 


DATE Јан. Feb. March | April May June July |Анкизх | Septem. [October | Novem, | Decent. 
1392 eque j| .. | .. | <. j <. р | МАМ ЕХЕ | ENE | NE 
T Y x ы + NE “чл” :11* NW + T 
1393 | N | NE | NE | NE | ХЕ} ү} ху | SW } yy, | ENE| E | ENE 
94 [NNE[NNE| NE | NE | NE | sw | sw | sw } Ур | ХЕ | ENE| NE 
1895 | ХЕ | ХХЕ| NE | NE | NE | АМ | sw | sw | ы (NXE | NNE | ХЕ 
1896 |NNE|NNE| ХЕ | ХЕ | NE 1... 1 .. ||... | XE | NE 
|o; [NNW|NNW,NNW| Nw | w PN а | 8 | 58 |[NNW| N NXE 





Ihe winds of these two stations are interesting as they are the 
furthest extei1sio1 1orthward of the southerly winds and do not show 
so much deflection to NW. and МАМ". i1 the rainy season as 1х recorded 
at most stations 11 10rth Abyssinia, e.g. Addi Ugri. As far as Tokar 
(lat. 18° 12' N) the SW. wiids prevail for 3 months but at Suaki1 it 
is Oily in July and August that the southerly and south-westerly 
wiids are predominant. 

Ihe high mass of the Abyssiiiai plateau coisiderably complicates 
the simple half-yearly alteration of the wiids at places withii its 
borders and the regular chaige from southerly to 1ortherly wiids, and 
аса11 from iortherly to southerly often caiiot be readily recogiised. 
The plateau occupies an area of low barometric pressure 11 the earlier 
moiths of the year, but after May it hes 11 the westeri part of 
the trough of low pressure which exteids from Ceitral Asia as far 
as the Nile valley (see Plate NLV.). 

At Addi Ugri NE., E., and SE. wiuds of the dry seasoi are replaced 
by W. aid NW. winds 11 the галу ѕеаѕол, aid at Adua, SW., and 
NW. wiids prevail during these moiths. Addis Abbada, Magdala 
and Aikober 01 the easteri side of the plateau also show the same 
seaso1al charge of the wiids; January to May SE., and E. wiids 
prevail while NE. and ENE. wiids blow 11 October, November and 
December. At these statiois in the галу веазо1 the wiids are vari- 
able usually NNE. ол the бле days, while SW. wiids accompaiy the 
heavy falls of raia which at this seaso1 occur almost daily. 

At places like Goidar znd other parts of the basii of lake Tsaia, the 
laid and lake breezes probably mask the true movemeit of the lower 
air curreits, and similarly the mountain and valley wiids 01 the west- 
eri slopes of the plateau above Gallabat aid other such places will 
produce alteriatiois of local wiids which are not 11cluded ın this 
geieral statement. 
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At Moger o1 the south side of the Rogge Mountain, and therefore 
just out of the basin of the Guder and in that of the Ото, Cecchi! 
stayed from July 22 till the September 30, 1873 but as he was in the 
1eighbourhood of this place from the begi1iiig of July из] the eid 
of November we may take these observatiois as represeitiig a гау 
season. From February 21, to October 3, 1879, he was at Shalla, 
(Lat. 7° 44' N., Loig. 36° 26’) situated at an altitude of about 2100 
metres 01 the east side of the Sekia and Gesha mouitaiis 11 or 1ear 
which the Didessa, the Ваго aid the Gogeb, the most important tribu- 
taries of the Blue Nile, the Sobat, and the Omo, respectively, take 
their rise. These two series furiish a good record of the wiids of this 
importa1t gatheriig ground. 


PREVALENT WIND. 


СЕ August. Se, tember. October. 
Moger* 1878 .. .. .. .. SW SW NW-SE | Variable" 
N° of observations .. .. .. 6:) 131 216 152 
N° of calms... .. .. .. .. 15 30 OS 14 
March A гі] May Јале, Juls August. еуі 
Shallat 1879 | SSE SW SSE S SSE S Var. 
N° of observations} 26 20) SS 17 107 119 126 
N’ of calms.. .. 20 8 54 10 82 03 51 
* 10 km. SW. of Addis Abbaba. j Near the source of the Baro. 


At Lugh or near Lake Stephaiie beyoid the southeri extremity 
of Abyssiiia a similar alteration occurs, N. and NE. wiids prevail 
from November to March, variable wiids 11 October and April, and 
5. a1d 5W. winds from May to September. 

The wiid directions at Lugh are giver by Кеггал 41” and are of 
special interest. Situated on the low plain of Somalilaid it is in the 
curreit of the Iidiai south-west monsun and coisequeitly has a steady 
SW. wind from Мау to September. This seems to be about its wester1 
limit, for the members of Dottego's expeditior * who were travelliig 
west of Lugh from January to September 1896 between the river Webi 
aid Lake Rudolf recorded oily light to moderate wiids from SE. 
during these moiths.‘ West of this point there are no observatiois 
11 the rainy seasoi uitil we come to Gore on the Baro river where 


1 5 Da Zeila alle froitiere del Catia.” Rome. 1887. Vol. ПГ, p. 575, 599. 
? Lugh. Rome, 1903. 

3 L'Omo. Vannutelli and Семи. Milan, 1899. 

4 Showi under heading of Lake Steyharie on p. 196. 
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Michel’ made observatiois for several moiths in 1897, and gives the 
predominant wiid directio: as westerly. 

From Вел! Shai си] there is little 11 formatio: ; Schuver who travelled 
in this part during the rainy ѕеахол of 1831 savs that 1ear Fadasi rain, 
accompa ле 11 most cases by thuiderstorms, came up usually from the 
west or south-east, but as a rule the winds were light and calms pre- 
domiaated ; he was iicliived to thi k that the wirds were light through- 
out the year. 

Major Стул passed through the same district December 1899. 
March 1900 and writes, “on the low grouid, which was pretty thickly 
wooded, the wiad was practically imperceptible; geierally I should 
say that the wird was very light, and variable 11 direction.” On the 
Lega Galla plateau east of the Yabus he rotes that the wiid was very 
light 11 February and geierally from the south-west. It seems pro- 
bable that this was a valley wind blowing during the day up to the 
high Lega Galla plateau, situated at 1500 to 1800 metres above the sea. 

At Roseires the raiis at the eid of May are accompanied by south- 
west wiids, and southerly wiids predominate throughout the summer 
months, 


PERCENTAGE FREQUENCY OF WINDS AT ADDIS АВВАВА 1900-1904. 






































| | 

MONTHS N | NE| E | 8E s | sw | W | NW | Сапа Nos 
———— — CÓ — n ——M— A ы RP E ER 
Jan цагу .. Э З 2i í () >! ) 1 20 | N t^ E 
February ..| 10 17 Lai 15 ) 1 8 i 19 E 
March.. .| 11 34 1% a i 2 2 () Is | N 65° E 
April .- { 2j 2.) 12 11 2 1 2 19 |S 85° Е 
rem .. 51 20| 2 | 10] 12 О () О; 20 ( N 82° E 
June .. 12 | 20 17 ) 15 1 2 0| 913|N 75E 
July .. 13 31 12 В; 18 15 3 2 YIN 65 Е 
Aucust .| 15 ӘЗ >? 1 16 16 5 5 GINIE 
September..| 4| 60 7 6 | 12 3 1 Q U (N 61 E 
October ao 15 10 б; () () 1 O|N OL E 
November.. 4 4s 10 11 11 2 () і 12 |N 71° E 
December .. 4 34 15 11 15 () () 1 lo | МЭРЕ 

Itosrinks, WIND DIRECTIONS OBSERVED 1905. 

MONTHS N NE p SE S SW W NW Calm 
MIN mee жа б 1 1 35 5 1 1 1 
June .. .. () 4 2 2 1? ) } L 2 
July .. ee 4 () 1 2 41 3 2 1 5 
August. .. 8 (0 5 7 31 ) 2 0 () 
September .. t 1 | í 5 37 ) ' (1 U 1 

| 


і Vers Fachoda, Paris, 1900. 
? pet. Mitt. Erganzungsheft 72. Gotha, 1883, рр. 9 and 41. 
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Humidity and evaporatioi are also of 11terest, but systematic ohser- 
vations are scarce; the Russian observatiois at Addis Abbaba and the 
Italian ores at the statiois i1 Eritrea form the bulk of the material 
available. The high altitude of the table laid as well as its position 
within the region of the МП. trade wiid accouits forthe dryiess of 
the wiiter moiths and it is oily i1 the wet season Juie-September 


that the humidity is high at midday. 


Addis Abbaba.'—Re.LativeE HUMDITY PER CENT. 


Jan. | Feb. | Mar. | Ayr. | May | Jue | July | Avg. | Sep. | Oct. | Nov. | Dec. 


а —Ósns————————XX—— | ———— | ——— | ———— | — ——X | ————— | ——— | —— | —— | a— fee | ———— (|o — dM— Hl PEE 


4 a.m. o. «| OL | 71 | 65 | 74 |j GL | Sl | 90 SS | SOU | 57 | 57 | 65 
] p.m. .. «| 86 | 44 | 42 154 | 40 | 64 | 82 | 78 | 66 | 39135 | 23 
J p.m. e o/ 49 | 58 | 52 | OG | 52 | 75 | 88 | 86 | 76 | 46 | 45 | бә 


——— ÛÎ —— | ———— | ———— | —————— | — | ———— | o—— | —— Д ——— | —— el 


Mean .. ..| 48 [58 152 | 65 1 51 | 74 | 86 1 84 | 74 | 48 | 45 | 53 





VAPOUR TENSION IN MILLIMETRES.’ 


Jan. | Feb. | Mar. | Abr. | Мау | Jue | July | Aug. | Sep. | Oct. | Nov. | Dec. |YEAR 


—Ó ——— alus Rire С) 
ا‎ Nr Deui d SEEDS ee Е — ee ee ا‎ 2 E EE — ye mnm———————— —— s са, 


7 a.m. ..| 695) 6*9 7-31 TT) 1:6 8*5| 9:01 9*1| 8°0 5.8] 5-6] 5r8| 773 
] p.m. ..| 6*8| 7*4| 7*6| 8:91 7*7, 9:9110*9/10*2| 9.5! 6:8 Gel] 6*2| 8*2 
О p.m. ..| 6:41 6*8. Tel] Sel] 7°6| 8*7| 9°5| 9.81 8.61 577) 5°9| 5'9 7°35 


— | —Urnrr— Û (—ummee— | ———— | — ДӘ [M ——— Д ———— | M | ————Ó | ә | ee С ب وو‎ 





Mean ..| 6°6| 7*0| 793] 8*2 TG) 9:0; 9*8 IO*O, 877, Gel] 5°6| GeO) 7*7 


Addi Ugri.—Mxa4N RELATIVE HUMIDITY PER CENT. 


Jan. | Feb. | Mar. | Apr. | May | June] July | Aug. | Sep. | Oct. | Nov. | Dec. | YEAR 


dapra appe XE ren ESTEE Saa mage B ы Re e Rem o pee alee yes o- CHEN T EENU| [d m— — V/v — a es НИ rp Mns Кина ыш. ш тч тл ue ні Ll  ——— m. he ا‎ Е 


200. | | | 
Dec 1901 | 32 | 32 | 28 | 39 | 32 | 38 | 69 | 76 | 55 | 40 | 46 | 40 | 44 


{ Derived from observations from July 1900 to December 190# exce;t during July, August 
апа Sejtember 1902, and February, April to July and September and October 1903. 


ых m 


The above results may also be collected by years and seasois аз іл 
the followiig table:— 


Addi Ugri.—MEAN RELATIVE HUMIDITY PER CENT. 


Dec. Feb, | March| April July | Ang. | Sept. | Oct. 


ee: eee a | ge, -———— | lly el 


Jan, Мау | June Nov. Year. 


























— P ———áÁ—— TB — А gee ee Se کڪ‎ 


35 28 98 49 1899 
86 32 66 90 1900 
42 32 63 21 190] 
4 38 JN 50 1902 
33 24 59 47 190:3 
20 - 63 4] 1904 
1892 1900 1901 1902 1903 1904 
Rainy Season. | T ©) - А 
June-September. ida u^ | 00 ü ш " 


Addi Ugri is the oily station where a series of measurements of 
evaporation has Бее made. They are takeı with ал evaporimeter 
placed 11 a meteorological screei thus fairly гергезел 115 a free water 
surface of small area. 


Addi Ugri.—MEAN DAILY EVAPORATION IN Ал. 1899-1904 


Jan. | Feb. | Mar. | April; May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. Year 


м Е eee Ln HE PT — ae Fe е ——— г i d u س‎ aga mm vo + 


These figures would seem to show that the estimate of 4 mm. on lake 
Tsaia from October to May and 2 mm. from Jure to September is 
fairly accurate though perhaps a little low.* 

We now come to the most importait climatic factor, the галл fall 
which feeds 1umerous tributaries of the Blue Nile, Atbara, Khor el Gash, 
and Khor Baraka, aid furiishes the Nile flood. Of late years i1form- 
ation has bee1 greatly increased; 1umerous travellers have peietrated 
lito southeri Abyssiiia; measureineits of raiifall siice 1898 are 
available from Addis Abbaba, and also from several statiois 11 Eritrea. 





1 Taicredi Boll. Soc. Geog. Ital., Feb. 1603 and Boll. Agric. Col. Eritrea, Seyt. 1905. 
* Риш. Reyort on Lake Tsana, in A Report on the Basin of the U) er Nile. Cairo, 1904. 
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First, however, the winter raiis of the coast must be excepted si1ce 
they furiish 10thiig to the Nile supply, but 11 describing the climate 
of Abyssinia they сал 10 be wholly omitted. Assab, Massaua, and 
Suakii are typical statiois and at Giida on the foot hills of the plateau 
most of the rai1 falls 11 winter though from 1х proximity to the plateau 
there is a secoidary maximum i1 July. At Suaki1, Massaua and Assah, 
though there can hardly be said to be summer raiis, 11 some years а 
small amount of the rain falls i1 July and August at the time when 
the south westerly wiids reach as far as 10rth as Suak11. 

At the time of the summer moisui the rain falls almost exclusively 
11 the afterio01, coitiaunig ол iato the ight 11 the height of the 
га11 у season. The moriiigs and fore1001s are clear, but about midday 
clouds form rapidly and soor heavy masses of dark raiiclouds appear; 
thuiderstorms are very frequeit, ассотрал1е by heavy raia. This is 
the usual procedure of tropical raiistorms 11 mountain districts and 
is easily uaiderstood, siice the wiids blowing up to the mountains 
during the day carry up the moist air of the low couitry, so that its 
moisture coideises on the elevated plateau. 

The great raias commence geierally o1 the plateau in Jure and eid 
before or 11 October but from April aid throughout May rain falls 
intermitteitly ; these are the Azmera or light rains.’ 

At Adua and 11 early all the part of Tigre betwee the Marcb 
and the Weri except the actual edge of the plateau the rais commence 
at 1001. The wiid is from the iorth and passes rouid to WNW. 
This holds for all the Woina Dega; at high levels, the Dega, the 
га11 is almost coiti1uous, and the season of the raiis begiis earlier 
and e1ds later.” 

Comiig to the basin of the Абал and those of the Takazze, Settit 
and the Mareb, there are measuremeits of the raiifall for several 
places which give a more accurate idea thai a verbal description. On 
examiilig the average rainfall of Abyssiiia and the easteri plaiis of 
the Sudai (see р. 211) it will be seer at orce that the siigle rainy 
seaso1 is clearly indicated everywhere. There is however a marked 
differeice betweei the easteri and westeri statiois, the former have 
some raii 11 almost every moith, though in November and January 
it is small i1 amount, but the latter, Goidar, Adua, Roseires, Gallabat, 
Gedaref and Kassala have an absolutely raiiless climate from the middle 
of October uitil the eid of April. 


i Lefebvre, * Voyage en Abyssinie,” Vol. IT, p. 8. 
2 Lefebvre, * Voyage en Abyssinie,” Vol. HI p. 9.. 
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Russiai observations’ exist for July 1X98—Jaiuary 1899, Ju1e1900— 
May 1902, October 1902-March 1903 at Addis Abbaba and for July- 
september 1902 at Addis Alem. 

Italia: observatiois exist for 1903 and 1904.* 

British observations exist for Feb. 1901-Sept. 1902, July 1903- 
Dec. 1904. * 

Frerich observatiois exist for 189%, * 

These observatiois differ slightly, but as no descriptions of the raii- 
gaiges and their exposure are available all the тоу totals are 
giver 11 the following table and from them теа monthly values have 
bee1 derived. 


MONTHLY RAINFALL IN MILLIMETRES. 
Addis Abbaba.—Latitude 9? 2’. Longitude 38° 43’ Е. Altitude 2440 metres. 


DATE Jan. | Feb. | Mar. |A;ril | May | June) July | Aug. | Sept. | Oct. | Мох. | Dec. | Year 


—sát€——XXm | ——— ЁЁ —— Û —7:—"Hhuüe— | — ——— | ——— Û ——— D a———— | ——EÉÀnÀ—— | ——sm Û LL———— | —— | —— —— -— 


Isa .. 8115 | 105] 73) и | 121] 347| Bos} 148) 4| 9| 0| 1179 
20 ..|..|..|..]..|.. | ee | 356) 273] 154] 81 )]| .. 


Ne) ..| OF 1l 
1900) ce) ee |... | we | en | ne ШО) 283| 325) 194) 0 | 13 |. 5 | [931] 


0 | 13 [1225] 


19016) ..| .. | 54 | 188] ПИ 35 | 212 5 
i 23 27 | 0 | 16 |. 1241 


TE. 16 | 53 | ИЯ 88) 35 
. d) se. | uu uus Кожа 0| 9 

1902 b) 111751 63i 76) 83 | 188) 236) 291) 184] .. | .. | .. [1147] 
0) 2 | S838 | 46) 80) 32 ЦБ... f.. | 0| 11] 1 i 
„ а) 0 | 65 ЗІ 111 OL | .. [ .. | .. — И : 


19030) oul x | ws | oe | ж» poe жь 202p QE) 275. 10-] FE 0 A 
+۹ C * 59 Jt) а «а 12 e ә є € e 9 e + 300 * е 2] () 17 e ө 
„ 4) eof oe | oe | oe j| oe р... | М 2761 2485; 223, 28 | 0 | 18 | [9084] 


1900445) ..| ОИЯИ 50 66 | 1201 375) o. | .. 1 ee |.. : T 
c) .. 0| 43 | 110 58) SL | 129 324| 201| Ч 36 () 0 | 1009 
a) «ol O20) | ТОО) ss | aw we Pow] ww | we | sa : 


?? 


93 € 


DOO) жы eee, || are, | Sa. | же d we “эв | ae | ae [жа 1 | 45 () 


„ €) ) | АХ 
| 
a) = Ari. Bur. Meteor. Ceit., Paris, c) = Nicolas Ceit. Obsy. 
b) = Dr. Wakeman. d) = Italian. 


1 Nicolas Ceitral Observatory, St. PetersLurg. 

? Furiished by the Director of the Meteorological Observatory at Rome, 
3 Made by Dr. Wakeman of the British Ageicy. 

4 *Annnles du Bureau Meteor. Ceit.” Paris. 
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MEAN VALUES DERIVED ЕКОЛ THE ABOVE OBSERVATIONS. 


DATE Jun. | Feb. | Mar. J April | May | June | July | Aug. | Sept. | Oct. | Хоу, | Dec. | Yeal 


—— | ————————— | -——— — т Û  —————— 9 -— — | т — || ———— Û a 





1898.. ..| 8| 15 | 105| 73) 41 | 121) 352, 290| БИ 18 | 10 | 0j 1154 
Todas e X ЛЕ Doe Lose | же ls. lac m rese | s - ] 
1900... ..| ee | we | we | we р... | LOS] 283) B28) 194) 0 | 1B | 5 | (9381) 
1901.. ..| 16 | 54 | 124] 100, 36 | 222, 277) 250) 128) 21 | 0 | 13 | 1241 
1902.. ..1 1} р 49) 89) 42 | 172, 230; 201| ISH O0 | I1 | 1| 1122 
1908.. ..| 989 | .. | 721 .. | .. | И 269) 267) 224! 20 | O | 12 [1084 
1904.. ..| 0) BF | 186) 57| 58 | 124| 350| 201); 147| 36 () O | 1146 
| X CREME ЕТЕ ee l ae | ae ЕЕЕ? 1) 45| Ө | [100] 


Mean. ..| 8,33 So) SO | 44 | 150] 294) 971! 171 





Addis Alem.— Latitude 9° (^, Altitude 2318 metres. 

















DATE Jan. | Feb. | Mar.| April! Mav| Јале July | Aug. | Sest. Year 
ПОЗ Р esl ce ss 149 205| 167 T 
e9 с) © € = c9 u ¥ . = e 9 e ® 1/4 166 
1 За) 6 ө Bu 25 eo Е e 9 н е » э e 
RAINY DAYS. 
Ankober.— Latitude 9° 35’ №. Altitude 2500 metres. 
| і 

DATE Jan. | Feb. | Маг. | April | May | June} July | Aug. | Set. | Oct. | Хоу. | Dee. | Year 
1s41l.. хе e © я . 9 e e 2b 13 4 l 0 
1842.. .. U { 4/14); 4 \ | 25 А ps Pss 

Magdala.—Latitude 11? ?3' N. Altitude 2760 metres. 

DATE Jan. | Feb. | Mar. April | May | Jure] July | Aug. | Sept. | Oct. | Nov.| Dec. | Year 
[МШШ жя sel wm [wes | ж | же | a 33. 127 | 7| 2] OF 1 | 
1867..  ..| Ш ] | 10 2 3 о | 22 | 24 | 2 () () 
1868. ө e 9 2 S 2 à t 4 . 6 фо е ө „> ù т g ө 
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MONTHLY RAINFALL IN MILLIMETRES. 


Gondar.— Latitude 12? 30' N. Altitude 1904 metres. 





DATE Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Year 
1770.. ee pee fo oe | oe | OD | 1091 256] 805) 72) OF OF 0 1 [901 | 
Lilles saf oe | oe | же | oe | 06 | 135) ЗЮ 324) 12) .. [964] 
INJN.. ca] we | we | we |... 304) 398| 108| 02 [9027] 

| — 
Intetshau.— Latitude 14° 20' М. 

DATE Jan. | Feb. | Mar. [Арг | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Year 
1811... 0| 0| O | 87] 68 | 74 | 302| 177) 126} 0 | 0| OF 784 
Adua.—Latitude 14° 15’ Altitude 1910 metres. 

DATE Jan. | Feb, | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Year 
1542.. ..| oe | oe 51 | 230| 289) 200| 65 820 





Addi Ugri.—Latitude 14° 53' №. Longitude 38° 49' Е. Altitude 2022 metres. 





DATE Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept.) Oct. | Nov. | Dec. | Year 
184. sof ee | ee dee [eO | 180] 50| 165| 258| 68 | 0| 6| 1| [678] 
1895. .. OF 11 | 16 | 25 lll Sh) 159) 140) OF OF OF X 445 
1899, 7..| OF 0 0 | 2b Ó 44| 119: 62| 15 S D 8 24 
19000. ..| О OF 41 9| 42) 93) 208| 147| 64| OF 0| 25 02.) 
1901. ..| 1 () 7 | 32 10] 34) 123) 290) 37 | 0| 10) 0| 544 
1902. ... O } 25 | 16 | 27 20|] 70; 182) 191| 34 | 35 | 34 Ü 620 
1903. ..| 0 ] | 15 Û i| GO} 92| 226| 45 2 2 () 450 
1904. ..| Of 0| if.. |... | 101| 138 111 13| 7| 0| 0 | [371] 
1905. ..| 0115 4 | 15 101 58| 224| 186] 56 | 89 | 24 | 0| 609 
Mean .. 0j 6] 13 | 20| 42| 66| 157| 179 37 | 10] 9| 5| 544 
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Suakin.—Latitude 10° 5^ N. Longitude 37° 20’ Е. Altitude 5 metres. 


DATE Jan. | Feb. | Маг. | April | Мау | June | July | Aug. | Set. | Oct. | Nov. | Dec. 
1890 .,.| ..| 2 () 1 () () 21 25 0 OW) 40) 66 
1591 3j 0 2 3 () () () () () 5| 112! 18 
1892 22| (6 0 () () o | 17 T 0 T 0| 29 
1593 ..1! i 2 (0 () () 3 () () () 101 81 16 
1804 ,.| 30| 1 0l 0 0 0 | 15 () () 0 2)?» 22 
1895 ..| 14d 16| 0|13|] OF OF OF OF 0 0| 3215 .. 
1896 16 4 0 () () () | 43 0 | 269} 274 4 
1597 15| 0 0 (0 () () () ) () о! 14| 20 
1808 3?) 0) () () () () () () () 6| 175| 234 
1899... 0 (} |... () () 10 (1 60| 105 
1000 ..| Эй 0 () () () () () () () () () () 
1901 .. 5| 88 э () () () () () () SO| 16| 111 
1902 .. 0| 21 0 (} (} 3 o () QO | 122| 155 52 
1903 49) 10 () 0 | 12 () 0 э 0 о 32 58 
1904 .. “| 0 () () () () () () () 37| 00: 19 
1905 ..| lj 3 () () () () () () fi 0| 122 () 
Mean..![26] 107 OF 1|[1] OF 3| 5 0| 39] 97| 48 

Roseires.—[atitude 12° 00^ N. Altitude 450 metres. 

DITE Jan. | Feb. | Маг. |April | May | Гале | July | Aug. | Scot. | Oct. | Nov. | Dee. 
1900 O O O O O OF 202] 184, 205, 15) 10| 0 
1004 |..|..]|..| ат 39 эзо 222| п 0| 0 
1905 () () 0 0| 62| 110 2071 160] 134]. Gol 324 0 
Manse 0 () () 01 д4! Ти 233| 189] 145! 97! 11 0 

Wad Medani.— Latitude 14° 24. Altitude 410 metres. 

DATE Jan. | Feb. | Mar. [April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
1902 "2 m () () 6| 93) 135) "| 41 2 (} (} 
1903 () Ü () () » 4| 1? t 5 () () () 
1904 () 0 () O 40 0| Sol OT TI 1| 12 0 
1905 0 () Ol 54 ON 102) 291| 120 () () () 
Mean.. () 0 0 0| 34| 5? 131) 135) 81 2 4 () 


It has beer maiitaiied! that we have 














——Ó 
all 


Year 


[160] 
143 
а 
195 
106 

[510] 
616 
29 
450 

[173] 
SY) 
B05 
365 
164 
174 
149 





229 





YEAR 
616 
(06 
S30 


113 





315 

22 
2S) 
726 


439 


10 idea how heavy the Abys- 


$111а1 raiifall may be in year wher it furiishes a high Nile flood. 


i Willcocks, Geog. Jour. December, 1905. p. 688. 
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But though actual measured raiifall in such a year is not available 
we kiow from observatiois of the river levels at Aswan aid discharges 
at khartoum, that the volume of the Nile flood varies from about 
1'26 to 0°63 of а mea: flood. Sice this is the run-off of the 
Abyssinian tablelaid, the raige of the raiifall ол it will be some- 
what less since the ratio of rui-off to rainfall is less 11 a very dry 
year aid greater 11 a very wet year thai 11 ore of average precipita- 
tion. 

The meai amount of rain is showa below though the totals carrot 
be coisidered as accurate determiiatiois, siice oily 2 or 3 vears 
обзегуа 01$ at most stations are available ; moreover there are 10 
observatiois of the amouit which falls алу point south of Addis 
Abbaba aid the Ара! except Nasser aid Gambela. Seeing that here 
the rainy seaso1 begiis earlier and eds later thai further to the тог, 
perhaps it may be fairly assumed that the raiifall of the southern 
part of the tablelaid may reach 1500-1800 millimetres per arium. 


MEAN JONTHLY RAINFALL IN MILLIMETRES. 








= i © vat : D . . - 
> в; = | >> [aye = 

Eastern Sudan Plains. 

Khartoum .. .. ../ 7 0 0 0 0 4| 25| 24| 34 JO! 10 0| 107 
Kassala Zac cue ма 0 0 0 2 т! 24 бо| 108 66| 17 0| 290 
Khashm el Girba ..| 3 oo |. | oe - 18) 102| 105 | 59! 20) .. | .. 304 | 
Gedaref .. .. ..| 24& 0, 0| 6| OF 37| 86 177) 161 | 107| 10| 15] 0 599 
Gallabat .. .. ..| 245 0 0 0 1] 46| 150; 191] 247 | 143| 32 6 0| 530 
Wad Медалі О 0 0 0| 34| 52, 131 135 SI 2 4 0 439 
Roseires  .. .. ..| 25% 0 0 () 0| 34| 77) 233! 189 | 148) 27| Il O| 719 

Abyssinia Tableland. 

Kerer .. .. .. «jog | 0| 3| 2| 9| 25|106| 107j*200 | :9| 2| 6| oj 639 
Asmara va ate жы ВЕ 2 3| 16| № 30 62) 117] 114 IS} 56] .. | .. 442 
Cheiaferia .. .. o| If | oe | oe | «« 6| 54| 33) 11] 1435 | 37 8 0| 0 His 
Halai au we 26 xs d id T at 258 63| 15| 114, 154 1 2 6 0| 1355 
Addi Ugri .. 1 8a | 0| Gt 13| 22 42| 66| 157| 179 | 37| тор 9| a| 2546 
ACV: sin de x жы d we | we fee | we | ee | AL] 236; 289 | 209, G5] .. | .. | [350] 
Intetshau ..| |] - с: - dj OR 74| 302] 177 | 126 0 () 0 | 754 | 
Gondar ` ee Hs 0 () 0 OJ 67| 122, 290| 372 | 103, 46| H О| 1014 
Addis Abbaba .. ..| 6 9| 371 5 79| S861 ]60| 290| 271 | 171 13| 11 i| 1215 


* Probably too high a meai value due to 630 mm. having fallei in Aug. 1895, 


While o1 the plateau rouid Addis Abbaba the mear a11ual rainfall 
amounts to 1300 millimetres, to the 10rth of the Abai in Gojain, and 
on the Chok plateau it must rise to 1500 millimetres; on the Go1dar 
plaia up to the Takazze it is 1000 millimetres, aid more o1 the Simien 
mouitaiis, aid to the 10rth of this 750 millimetres uitil the База of 
the Mareb is eitered for which about 500 millimetres mav be estimated. 
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On the Sudar plains the heaviest raiı fall is at those places iearest to 
the hills where it amouits to 600-700 millimetres falling to 400 and 
300 millimetres for the more westeri or 1ortherly stations. 

If now we take the most reliable statiois for the summer rainfall, 
while admitting that they furiish very inadequate data, it is possible 
however to gai1 a телега] idea of the distribution of the raiifall from 
April to September ; from this an estimate can be formed of the 
probable loss of water or diminutio: of the flood volume by the dry 
1itervals which frequeitly occur, and are showa by а rapid fall 11 the 
river gauges. 


MEAN RAINFALL IN THE RAINY SEASON IN MILLIMETRES. 





A yril May Јале July Aug. Set. 
Кеген... os де S oe XX да t 25 107 106 300 7S 
Asmara ss as asa os ss ssl 18 30 602 | 117 114 15 
Halai ий жи жы AR Oe مھ‎ ® ss 03 15 114 154 1 
Addi Uori ss se .. .. se e 22 12 600 | 157 | 179 37 
Tntetshau .. .. es .. oo | В GS 14 302 174 126 
Gondar 22 54 хи а pe аё () 61 122 эч) 372 103 
Addis Abbaba .. .. .. .. ..| 79 8: wo} 290 | 271 | 171 
Roscires s.e ee es os se o T 51 116 233 189 14s 
Mean sse ae os se es ss sal 26 55 00) 20] 29() SO 


Percentase.. зы — 9e 9 oe. xs 1 < 13 30) 82 18 


Thus a deficiency equal to the average rainfall of te1 days 11 August 
would reduce the amount of water flowing to the Nile by about 11 % 
of the summer flood while same dry period 11 Jure would oily affect 
it by about 4%. These shortages will be showi very markedly at the 
upper river gauges while further dow1 stream they will merely flatten 
the curve of the year's gauge readin gs. 

A maximum flood is about double the volume of a minimum flood 
and a somewhat similar relation must hold betweei the raiifalls of 
such years; but at preseit the data are too scaity to erable us to 
trace such a relation satisfactorily. 1 the following tables it will 
be see that there is little differeice in the rainfall measured at Addis 
Abbaba betweei 1901 a rather low flood year, and 1902 which was 
an extremely bad year. Addi Ugri shows the variation better siice 
the fall 11 1899 was particularly small and that of 1894 very large ; 
Kerer does 10t show the variation well and at Сіла the wiiter raiis 
are much heavier than the summer raiis. Suakii shows it also to 
some exteit siice oily 11 years of good raiifall does any reach that 
place 11 the summer months. 
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release of the Europeais imprisoied by King Theodore. Не reached 
(тоја 01 the west shore of the lake by the usual road, thei after followiig 
the shore southwards for about half its leigth, turied 111а14; sub- 
sequeitly he visited the source of the river Abai aid also the souther 1 
part of the lake. 

Ia 1881 (r. Rohlfs! reached Debra Tabor, 50 kilometres east of the 
lake in February, aid thei travelled to Goidar having skirted the 
north-easteri angle of the lake. Stecker, who was accompaiying 
Rohlfs, weit to Koratsa aid the southeri extremity of the lake; 
leaving this he visited the river Abai where it leaves the lake aid made 
ai almost complete circuit of lake Tsara. Having travelled rouid the 
east, 10rth aid westeri shores, he was stopped at the mouth of the 
Abai where it enters the lake, aid was obliged to returi to Debra 
labor passiig rouid by the north. А few days later he returied 
to loratsa aid examiied the peiiisula of Zem, between the i1comiig 
and outflowine Abai streams. In the two aid a half moiths so 
speit he made a careful survey of the lake aid took a large 1umber 
of observatiois for latitude, azimuth, aid altitude, besides meteoro- 
logical observatiois. Uifortuiately oily а part of these ever reached 
(хегталу aid these were published, together with a map o1 the scale 


] . 
ОЁ soosoo. ? 


various places 11 Abyssinia, aid also visited the Абал river ала its 
source as well as Lake Tsaaa. 

Lake Тѕала° is approximately rectaigular 11 shape, being about 60 
kilometres from east to west aid 50 kilometres from north to south, 
while a small bay about 20 kilometres by 10 o1 the southeri side 
coitaiis the outflow of the lake, the river Abai. 

It lies 11 a comparatively shallow depression about 1755 metres 
above sea level, from which ол all sides the couitry rises geitly to 
2000 metres aid thei more rapidly to 2500 metres and 11 places to 
3000 metres in the heights which e1close the Tsara basi. The hill 
masses aid plateaux which limit the basii are :— 

On the iorth, the plateau aid hills of Wogera district behind Gon- 
dar, rising to 3000 metres. 

On the east, the 1arrow ridge of the hills of Degemeder district 
risiag to 3000 metres aid separating the Tsara basin from that of the 


1 “Meine Mission nach Abessinien.” 

* Mitt. d. Afrik. Gesell. in Deutschland, ПГ. i. 

3 For the most recent and co:nplete description. see Dupuis in А Rejort on the Basin of the 
О, yer Nile Cairo, 1904. 
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lakazze river. This ridge berds to the south aid culminates 11 Mount 
Guia (4200 metres), the westerı spurs of which form the water 
parting betwee1 the lake and the Abai river. South of the lake, the 
10rther1 spurs of the Chok plateau, which rises to over 4000 metres, 
divide the drainage of the Abai river from that of the upper Abai 
which falls 1140 the lake; the westeri spurs divide the upper Abai 
from the Bir, the Tattam, the Durra and other large streams which 
flow southwards to join the Abai south of Gojam. On the west, а 
ridge of hills, uanexplored for the most part, divides the lake basi1 from 
the head waters of the Diider, the Rahad aid the Atbara. 

The approximate area of the catchmeit basii is 17,000 square kilo- 
metres, of which the area of the lake is about 3000. Its perimeter 1s 
about 260 kilometres. 

lhe depth of the southern half of the lake varies from 30 to 70 
metres, aid the northeri half is believed to be rather deeper; the yearly 
raige of the water level is from 1:25 to 1:75 metres. 

lhe altitude of the water-surface, 1755 metres above sea level, has 
реет deduced from a series of barometric observations take1 by Stecker 
aid Rohlfs 11 1881. 

Ihe supply of the lake is maiily furiished by the following 


streams :— 
Upper Abil ... ... 02 n sn sn se se se On the south. 
Derma P оу жш AN O80 Hes Gee а 48) хы 
Desine Ses. ser Ged pik spk GOS. mace GUE ме Gee 
Gumara ... o ae av mue сме as ee dide + 
Pia x» ue RK, жш 
Gumara (a different one) .. 


Gelda 


. On the orth. 


* 
Ф 
map د‎ 


bot È 
> аа 


› On the east 


Ф 
Ф 
а pe 


The oily effluent is the Ара! at the souther1 extremity of the lake. 

The Dembea district, which coitaiis the aicieit capital, Gondar, 
exteids from the Wogera plateau, тог of that towa1 to the shores of 
the lake. It is on the whole an uidulatiig expaise of couitry sloping 
gradually to the lake, very fertile, aid is usually described аз оле of 
the richest proviices of Amhara. It is watered by 1umerous streams 
flowing from the Walli Dabba raige o1 the west, and by the three 
rivers, the Dirma, which rises 11 the hills to the N.W. of Goa1dar, the 
Magetsh, with its sources in the hills immediately iorth of Gondar, 
aid the Gumara which rises to the N.E. of the lake and forms the 
bouidary betweei Dembea aid Degemeder. The southeri portion of 
the district is quite level with the exception of the hilly promoitory 
of Gorgora (2,130 metres) and is described by von Heuglin as being 


— 310 — 


used for pasturage oily, except 1ear the tow1 of Chelga o1 the west, 
Muasero o1 the east, aid near Goidar where the laid is cultivated. 

At Chelga are the beds of ligiite meitiored by voi Heiglii aid 
others ; these have receitly bee1 examiied by Barroi but they do 10t 
seem to be of much eco10mic importaice. 

The promoitory of (xorgora! is composed of crystalline rocks 
(schists) o1 which lie saidstoies similar to those which occur at 
Chelga (to the N.W.) ; clear remaiis of a large lava flow which could 
be traced to the lake as well аз aicieit eruptive солеѕ аге also meitiored. 

Degemeder is a large district which seems to occupy about 40 
kilometres of the easteri shore of the lake betweei the (aortheri) 
Gumara river aid the river Reb. To the east it exteids uider the 
Begemeder hill rage up the valley drained by the river Reb as far as 
Debra Tabor a small district at the foot of the Guia mountain. 

At the 1ortheri eid of the district the spurs of the hills come close 
to the shore of the lake, aid masses of aicieit volcaiic rocks with the 
remaiis of former craters are ofte see1. Several villages lie here 1ear 
the lake in small fertile valleys. 

The streams which here flow irto the lake are about 6 metres wide 
aid 0:3 metre deep at the fords. The priicipal road from Gondar to 
the east aid south-east of Abyssinia leads up the valley of the Reb’-to 
Debra Tabor. This valley is fertile aid equable 11 climate, aid the 
Reb, which has cut a deep сБал ле] 11 the rich alluvial soil, flows slowly 
to the lake throughout the year betwee almost vertical barks. The 
low laid rear the lake through which the Reb aid (souther1) Gumara 
rivers flow is flooded 11 the газу season. Dupuis fouid the volume 
discharged by them 11 the dry seaso1 to be very small. 

Fogara district includes the area south of the Reb which is draiied 
by the (souther1) Gumara river. * Close to the lake the laid is low 
aid flat, aid is flooded aiiually. Higher up the Gumara the couitry 
rises fairly rapidly aid the river flows between high volcanic cliffs of 
porphyry aid trachyte. Hot spriigs exist at Wansage 20 kilometres 
up the valley, and are much frequented. 

Dera district of which the pricipal towi is Koratsa, the largest 01 
the lake, lies south of the Gumara, aid both this district aid the 1ext 
Afferavanet are hilly, the ceitral hill mass rising to over 2000 metres. 

Immediately south of Koratsa the river Gelda 3 metres wide 2 metres 
deep flows steadily to lake. In rains it rises to 10 metres deep (Rüppell). 


1 Stecker loc. cit. 

2 The Reb where the Koratsa road crosses it was 50ft. wide and 31ft. dee, in February (Rüppell). 

3 ‘The Gumara where the Koratsa road crosses it was 50ft. wide and 44 ft. dee; in February 
(Rüppell). 
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Leaving the description of the Abi itself till later, the next district 
is Mietsha which exteids to the upper Abai. This part has beer but 
little visited aid accounts of it are meagre. It is said to be fertile, 
the lower parts 1ear the valley of the upper Abai being flooded in the 
raliy season. 

Abaidar through which the Upper Abai flows towards the lake is 
fertile aid wooded, but subject to floods in the lower part. Siice the 
sources of the Abai lie 01 the flaiks of the Gojam plateau this river 
rises earlier thai the others which flow iito the lake, as in (бојат the 
га11$ begin before they do 11 Amhara. 

Wendige, Alefa, aad Dagossa, the westeri districts appear to be hilly 
risiag rapidly westwards up to the Walli Dabba aid Atshefer mou 1 tal 1 
raiges which separate Abyssiiia from the Sudai. The hills come 
dowi to the lake at талу points, aid agriculture is confined to the 
valleys betwee the spurs. In the rai1y seasoi these are flooded aid 
a road further 11laid has to be followed. 

A road from Famaka, by the Kienien Hills, aid arother from Duı kur 
are said to lead from these westeri districts to the Sudai but they 
һауе 106 yet bee1 mapped. There are few villages in this part aid 
the inhabitaits seem always to have had a bad character for robbery 
aid violeice. The most frequeited road to the Sudai is that from 
N.W. corner of the lake to Wohne aid Gallabat by the valley of 
the Bulweha River; aiother loiger road leads from Alefa district to 
А заһо, Ambo aid so to Metemma. ! 


The Abai River.—Tbe Abai river coisists of two portiois. The 
upper reach is approximately 200-250 kilometres loig from its source 
at Mouit Giesh at the westeri eid of the Chok plateau 1ear Sakala, 
to the point at which it falls into the lake. Тһе source has beei 
described by Bruce, d'Abbadie, Plowdei, aid Beke, as well as by the 
earlier Portugese travellers 11 the couitry aid at a short distance dowa 
stream the Abai is said to be 4 metres wide, 0°20 metre deep aid 
flowing 6 kilometres a1 hour. At 15 kilometres from the source 
Blane fouid it 11 Jaiuary 10 metres wide, 0:6 to 0'9 metre deep aid 
having baiks 3 metres high. 

The laid where it flows i1to the lake is flooded 11 the raiis aid this 
may be the explaiatio1 of Bruce’s estimated width of 2000 ft. where 
it eiters the lake. Stecker gives the chai ле] at its mouth 11 Мау 1881 
as 10 metres wide. 
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Dupuis‘ visited itia February 1903 aid crossing it at a poiit several 
kilometres above its Ju1ıctioı with the lake fouid it to be a fine- 
looking stream with a well-defined section 80 metres wide ала 10t less 
thai 4 metres deep. The valley was about 1500 metres wide aid was 
said to be flooded for three months in the raiiy seasoi. He estimated 
the discharge as about 9 cubic metres per second. 

The flow of the water from the upper Abai is said to Бе plainly 
visible between Dek islaid aid the promontory of Zegi. The secoid 
portion of Abai leaves the lake at its southeri extremity aid flows in 
a south-easterly direction. The width of the Abai where it leaves the 
lake is given by Stecker аз 100 metres wide aid 8 metres deep 11 the 
ceitre, but 10 velocity is give1; this was 11 April. 

A. d'Abbadie quoted by Klóde1 gives it as 200 metres wide 3 metres 
deep, aid a velocity of 800 metres per hour ог 0'222 metre per second. 

From this poiit the river flows between somewhat hilly shores, 
while several small islands occur at intervals. At Woreb 6 kilometres 
from the actual juictioi with the lake, these so iicrease as to be 
described as forming rapids ;soo1 after this the river bed gradually 
narrows uitil the river rushes through the 1arrow cleft 11 the rock just 
below the Falls aid Cataract of Tis Esat or Alata. This has bee1 visited 
and described by Bruce, Riippell, Beke aid d'Abbadie. The bridge of 
Alata is 3 hours march from where the river of that 1ame falls i1to 
the Abai. The bridge which spais the river at a short distaice below 
the falls was coistructed by the Portugese aid is built of basalt with 
the arches filled 11 with small dressed saidstoie blocks ; it coisists of 
оле arch which spais the river, aid sever ог eight other arches 01 the 
westeri or Mietsha side. The maii arch is 25 ft. 11 spai aid is built 
ол aid into the solid rock o1 either side. The roadway is 15 feet wide 
11<1 14115 the parapet which was originally 2 feet high. The river 
ruis with great violeice through a deep gorge or fissure more thai 60 
feet deep aid ofte1 10t more thai 12 to 15 feet wide, 11 a1 избгоке1 
liae of foamiig cascades. 11 the галу seasoi this whole gorge is 10% 
oily filled with water, but the river overflows to а coisiderable extent 
the right baik which is covered with great, rouided boulders of basalt 
derived from the hills which he directly ол the baiks ол either side 
aid are formed of volcaiic rock masses partly overgrow1 with trees. * 
About 30 metres up-stream of the falls the upper edges of the gorge 
approach till they are oily 3 metres apart. 


1 Toc. cit.. p. 13. 
? Rüppell loc. cit. 
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At the end of May 1842 Беке! visited a crossing place 01 the A bai, 
Melka Furi, where he fouid the river 50 metres wide, aid 1:5 metres 
deep. He gives the latitude of this poiit as 9° 54' 40" N. Here 
the valley sides desceid 11 two steps of which the upper is 1early 200 
metres 11 height. At Melka Kuki further dowa-stream the river was 
about 70 metres wide. | 

Cecchi? fouid the Abai a river 300 metres wide with a rocky bed, 
aid flowing as а muddy rapid torreit 11 September 1880 just below 
the point where the Guder joins it. «At this polit the river was 
flowing at an altitude of 990 metres 11 the bottom of a deep trough 
cut 11 a plateau 2480 metres above sea level the left baik risiig to 
this level 1n a distaice of 10:7 kilometres aid the right barik in 40 
kilometres the top of the valley Бето 50 kilometres from side to side." 

An instructive section of the Abai valley is given by Stecker, who 
crossed it at the ford called Jeketal Melka (908 metres) about 12 kilo- 
metres dow1-stream of the Guder river. The south side of the valley 
coisists of the high plateau ( Dega) capped by a coisiderable thick 1ess 
of basalt, under which is a bed of bright-coloured clays which 11 their 
turi overlie a coisiderable thickiess of red saidstoie; below this are 
the clayslates aid crystalline schists of a1 older series. On the 10rth 
side is the saidstoie dow to the river level so that the Abai seems here 
to have cut out its valley along a Пле of fault. The river o1 May 11. 
1882 was 2 metres deep aid 12 metres wide aid flowing rapidly but 
11 flood it is 15 metres deep aid about 80 metres wide. Two terraces 
оле o1 the crystalline schists, aid the other halfway up the saidstoie 
are well marked. 

Lower dowi (865 metres above sea-level) d'Abbadie* on April 9, 
1844 fouid it 55 metres wide 1:5 metres deep aid flowing at the rate 
of from 5 to 6 kilometres ai hour, 1:39 to 1°66 metres per secoid; 
this would be equivaleit to a discharge of about 100 cubic metres per 
seco1d. 

The tributaries of the Abai aid Blue Nile are very 1umerous, aid 
oily the more importait ores сал be meitioied here. On the left Балк 
the first of алу size is the Bashilo river which rises 1ear the easter 1 
escarpmeat to the south of Magdala at a1 altitude of about 3500 metres, 
at the foot of Kollo mouitai1 which reaches ai altitude of 4200 


mem 


! Jour. R. Geog. Soc. Vol. XII 

з Cecchi. ** Da Zeila alle frontiere del Caffa." Rome, 1887, Vol. Il, p. 367. 

3 Cecchi. Vol. III, Plate 8. 

5 Pet. Mitt. 1891, p. 233. (See Plate X XIIa. 4 reproduced with the kind ,ermission of the 
Editor of Petermanns Geogra;hische Mitteilungen.) 

5 “Observations relatives à la jhysique du Globe,” p. 11, Paris. 1373. 
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( 00 cubic metres per secoid. At this seaso1 its valley was flooded to а 
depth of 60 ceitimetres. At the begi11i1g of April, 1898, the Didessa 
at this same place was oily 45 metres wide aid 0:45 metre deep. 

These measurements were all take1 before the A 1jur Joins it, so that 
they must be below the total amouit which it carries to the Abai and 
its volume 11 flood may probably be takei as about 1000 cubic metres 
рег secoid. [1 its early rise, long flood period, aid late fall, the 
Didessa is, 11 its regimei, very like the Sobat, 1ear the headwaters of 
which it rises, though it has 10 wide flooded plaiis, like those of the 
Pibor, to delay its fall. 

As this part of the course of the Blue Nile has been little visited, 
I give a description. of it from the Didessa juictioi to Famaka, for 
which I am iidebted to Mr. A. Hay, who was receitly for some time 
11 this part of the country. 

“Just about 2 miles above its junction with the Didessa river, the 
Blue Nile emerges from a high gorge i1 a range of mountains. At the 
eid of the hills there is a shallow, rocky, gravel-bottomed rapid, aid 
here the river, hitherto гиз 111g almost due 1orth, makes a sharp beid 
to due west. At the eid of this stretch, which is about a mile 1010, the 
Didessa Joins the Abai aid appears to come 11 01 a course similar to 
that which the Blue Nile now assumes after aiother sharp beid to 
iorth-west. The Didessa is very rocky, aid full of rapids just above 
the coiflueice. The Blue Nile now travels about 10° west of тог to 
due west. At the top of this stretch there is a regular cataract. This 
course is malitaiied geierally dowı to the confluence of the Durra 
river, which comes from a course slightly 1orth of east, aid at the eid 
of March the Durra carries about З cubic metres per seco1d.' 

“ From the confluence of the Didessa with the Blue Nile dowi to 
the Durra river, I recko1 it is approximately 23 miles. There are 
frequeit rapids o1 this stretch of river, aid оле particularly deep gorge 
just above a very large saidy khor. 

“ From the Durra river to the Gojabba river, which i1 dry weather 
Is a successio) of pools, is approximately 15 miles. Due west of 
(xojabba river, aid about 2 miles from the left baik of the Blue Nile, 
staids Mount Gumbi, aid 5 miles further is the village of Yimbi. [à 
this stretch of river there are not so талу rapids, although a few of 
them are very lorg ores, aid the bed of the river is made up of gravel- 
baiks, deposited o1 rocks. 

« Wamboro plateau lies 11 lat. 10° 2' N., aid about 8 miles 1orth- 
east of the Blue Nile. 


t The letter save “per minute,” but this would make the flow almost im ›егсе у Ые, 
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that in the dry season water may everywhere be fouid i1 the river-bed 
at a short distaice from the surface. All these larger tributaries must 
briag dowa а large volume 11 the гау season, aid most of them 
coitribute a сегѓа 1 amouit throughout the low stage of the Blue Nile 
also, so that the supply 11 the months of the spring ard the early 
summer depeids 01 them aid the Abai itself. As the Abai was fouid 
by Dupuis! 01 Jaiuary 31, 1903, to be dischargiig oily 42 cubic metres 
рег secoid where it left Lake Tsara, the winter aid spring supply of 
the Blue Nile must come mainly from its tributaries. [1 marked dis- 
tiiction to the left-baik tributaries are those of the right baik; with 
a steep slope aid a short course, they are torreitial 11 character, aid 
rise aid fall rapidly, but after the rai y ѕеаѕол, зоол fall to very small 
dimeisiois. The Rahad and Diider which rise 11 the westeri foothills 
of Abyssiiia, aid flow 1orth-west to join the Blue Nile above aid below 
Wad Medaii respectively, are larger streams, aid are of importaice 
when 11 flood. 

Pruyssenaere* measured the discharge of both of these, as well as of 
the Blue Nile at Karkoj i1 1864, at highest flood, aid gives the follow- 


ing values :— 


nal Mean 


Width. |Meandeyth "се velocity. Discharge. 
n). n. I" m. p. 8. m? р, 8. 
Blue Nile (Karkoj) e. .. ..| 4350 1*10 3088 1°90 5807 
Dinder (Wold Abyad) .| 163°4 | 4°58 1406 ] *:0 1454 
Z 3° 1± 261 2°05 989 


Rahad (Wold Ex) .. .. ..| 83°: 


I1 1864 the Diider was flowing with a feeble curreit 01 February 
18, and soo1 afterwards ceased to How.’ They both rise about the eid 
of May or the begiiiing of Jure. There are 10 gauges o1 either of 
these rivers, so 10 more receit data are available. 

Iheright-baik tributaries therefore coitribute very little to е low- 
stage supply ; they have for the most part, 10t oily smaller catchment 
basiis, but a shorter rainy season. The left-baik tributaries draiiiig 
Shoa, Wallega, aid northeri Kaffa have larger basiis aid longer rains, 
so that if the September aid October raiis are above the average, these 
streams will supply a larger volume to the Nile at low stage, as also 
will the Sobat, aid, as has already been meitioied, these are the 
determiiing factors of the low-stage supply. 


ини” =] 








t Report uyon Lake Tsana, p. 19 (in A report on the Basin of the U) er Nile). Cairo, 1201. 


2 Pet. Mitt, Erganz. 51, 1877, p. 45. 
з The Dinder is not a ;erennial stream. ав state:! in Scot. Geog. Mag., 1904, р. 480, exceyt nenr its 
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meets the White Nile at right aigles (Plate XXIII). The Blue Nile 
like the Atbara and to а certain exteit the Rahad, Diider aid Sobat 
flows 11 a deep-cut well-defined section (Plate A XII^.) aid does 10 
overflow its baiks but is at some distaice below them еуел 11 flood. 
While the Sobat carries but little matter 11 suspe1sio1 the Blue Nile aid 
the Atbara are heavily silt-lade1 especially the latter, aid it.is oily the 
heavy raiis ол the АБуѕѕі пал tablelaid which by rapidly 1icreasiig 
their volume erable them to carry their load without raising their beds 
and forming 11uidated flood plaiis, except 11 the case of the portioi 
of the Rahad aid Diider already meitioied. 

Coisequeitly 1atural embaikmeits are not beiig built up by deposi- 
tion ол either bark, aid the plain, 11 which the Blue Nile flows, slopes 
geitly upwards from its baiks to the watershed betwee it aid the 
1ext malı draiiage liie. 

Uitil a much more accurate kiowledge of the topography of Abys- 
ѕ1 11а is attained, the leigth of the Blue Nile cai oily be approximately 
determined. The following table gives the leıgth aid slope of several 
reaches but not till dow1-stream of Roseires сал the data Бе coisidered 
as of a1y accuracy. 


Place Distance AN АЕ Slo уе I metre in 
km. kin. m, 

Sourc@ «+ «ec ce €. = — js is 
Lake Tsana se .. .. 240 — 1755 з 
Alala Bridge... 39 32 , | 
Junction with Dies 560 592 P ۳ 
ltoseires.. ce ee os 309 901 439 °35 ° - 
Selhnar se of oe oe 287 1188 405° 68 ° 8,500 
Wad Medani.. .. .. 146 1334 387°42° 8,000 ! 
Khartoum? .. .. .. 206 1540 372.123 13,500 


Although the flood of 1903 was 101 a high ore, 11deed in volume 
it was 11% short of а 10rmal flood (p. 231) and its maximum height 
at Aswai was 18 ceitimetres below the average, stil some of the 
velocities which were measured 11 the Blue Nile were coaisiderable; 
the highest meai velocity of 27796 metres рег secoid was recorded 01 
August 21 aid o1 that day the maximum velocity at 1% depth from the 
surface was 3:418 metres per second. Wire souidiig apparatus was 
10t at the time available, and а thia line with a 16 lb. (7°25 kilogr.) 
weight was used, so that it was difficult during the highest flood to 


1 This sloje аууеагв to бе too stee) for the middle reach in which the river meanders greatly. 
2 The zero of the Khartoum gauge is taken as being 370°0 metres above sea-level. 
3 These altitudes refer to the water surface on 1.12.05. 


PLATE XXV 


Fiy. 1. Discharge of the Blue Nile at Khartoum 
1903 1904 
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11cluded the four highest values of the meai velocity so that if the 
souidiigs were too large 01 accouit of the velocity of the curreit, the 
real deposit was eve greater thai that deduced above. This period 
of deposition agrees closely with that of 1902 11 occuring when the 
rapid rise of the river is moderatiig aid the maximum gauge reading 
Is approachiig. 

Immediately after the maximum stage of the flood was past erosion 
of the section commenced and the divergeice of the two curves reached 
a maximum (2 metres) o1 September 25 which was not reduced to 
small dimeisions uitil the eid of October. Duriig this period the 
meai velocity varied from 1:879 metres per secoid to 0:945 which 
certaiily caused 10 serious difficulty 11 souidiig, so that there was 
actually coisiderable erosio as the river fell from its maximum height 
which was balanced by depositio later. In this year it would seem 
that by the eid of the year the bed of the Blue Nile 1ear Khartoum 
was distinctly higher thai twelve months before. 

It may be that the mea: depths when the velocity was highest аге 
somewhat too large but this caniot be proved so that it is preferable to 
use the figures as they staid, siice they appear to be reliable. 

I1 1902 aid 1903 a series of discharges of the Blue Nile were mea- 
sured at a poiit about 5 kilometres up-stream of Khartoum.’ Velocities 
were measured by means of a Price’s curreit meter and were deter- 
mired at poiits 45-50 metres apart aloig the section, while souidings 
were take every 15 or 16 metres. The dista1ces were measured aloig 
a hawser stretched across the river by meais of which a boat was passed 
across; these distaices were subsequeitly corrected to agree with the 
kiow1 width of the section. The results are given 11 the following table. 


BLUE NILE. 
= Mean Section Mean T" Gauge at 
Date. Width. deth. area, velocity. Discharge. Khartounı. 
1902 "m n TT m. p. $. m. p. в m. — 
0 May s. .. e] 347 | 434 | 1420 | 0:120 | 184 |—0*05 
23 сй же us 332 4°38 1300 0*124 194 0°14 


Û June .. es .. дА? 5°51 1714 0:314 604 0* 760 


2 _ e | 351 | 5*56 | 1829 | 0:372 | 695 | 1:06 
о. e]. 351 | 5°83 | 2010 | 0:393] 837 | 1-30 
4July .. .. .. 351 | 627 | 2044 | 0:507 | 1082 | 1°75 
и. eo. | 354 | 69 | 2230 | 0-616 | 1453 | 2-07 
18 . e. .. 354 | 60 | 2322 | 0-608 | 1612 | 2°33 
25, e s] 856 | 600 | 2456 | 0:702 | 1885 | 2°64 





{ See Rejort on the basin of the Uy yer Nile, А, pendix. V., p. 45, Cairo, 1904, for measurements 
made before this date, see Chay. VII. 
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BLUE NILE—continued. 


К ы алты. Же EE 
= 


Р Mean Section Mean | Gauge at 
E Vati De th. area, velocity. пш а Khartoum. 
m m. n" m. p. 8. и p. в. m. 
4 September 408 I" 3872 2:004 | 8474 6*20 
]  , 409 | 9-96 | 4094 | 1:960 | 8385 | 6-15 
l8. 406 | 9:28 | 3821 | 1-814 | 7070 | 5'88 
25 5 408 11*20 4594 1:879 | 8965 06°08 
2 October.. 404 | 10°40 4218 1:518 | 6581 5°53 
$ Е 40] 9° 30 3788 1.493 5149 5°15 
066 —. 308 | 8-15 | 3234 | 1:105 | 3612 | 4°45 
93. 398 | 8:40 | 3326 | 12101 4098 | 4°36 
30... 402 | 7:34 | 3087 | 0-945 | 2898 | 4-00 
6 November 400 6°85 2831 0:800 | 2275 3°30 
12  . 208 | 6°56 | 2620 | 0-679 | 1790 | 310 
00 —. | 398 | 6.19 | 2504 | 0:579 | 1456 | 2°05 
4 December 392 0°77 2351 0*472 1102 2*32 
sw 375 | 5°62 | 9212 | (X356 | 789 | 1°90 
2 4 388 | 5°60 | 2262 | 0-318 | 722 | 1°88 
1904 
] January 379 2°48 2152 0*3281 604 1°80 
15 301 2°33 2020 0*242 483 1°59 


?» 





From the weekly discharges the meai discharge per secoid can 
be readily obtained for successive 5 day periods and these are givei in 
the following table, together with the total volume discharged during 
each such period. | 


Volume discharged 
during jeriod in millions 


Mean discharge in 


1902 Flood cubic metres 


per second of cubic metres 
July 1-5. в 4 1100 415*2 
8 6-10 . вн 1330 911'5 
„ 11-15 . "M 1480 639°3 
„ ‚16-20. n x 1600 691.۰2 
5 21-29 ж» y à 1300 111*6 
„ 26-81 s n 2100 1399*6 
Augustl- 5 . "T" 4030 1741*0 
„ 6-10. i 4720 2039*0 
„ 11-15. : 4900 2116*5 
„ 16-20 : 5200 2246.4 
„ 21—25 "M 6000 2592°0 
» 26-31 . "EM 6900 3571 *0 
September 1- 5 боз 6950 3002*4 
» 6-10 ES 6450 2186*4 
" 11-15 E a 6100 2635*2 
" 16-20 T" 5900 2548.8 
А 21-25 с 5450 23544 
26-30 ; 5020 2602°4 
October 1-5 А 4880 2086°6 
К 6-10 А 4040 1745*3 
" 11-15 | 3100 1339-2 
» 16-20 Ба 2650 1144°8 
» 2]-25 : 2170 037*4 
5 20-31 : 1650 825° $ 
Total .. 42.907 *9 


GAUGE REACINGS AND MEAN DEPTH OF THE 
BLUE NILE AT KHARTOUM. 
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Before leaviig the Blue Nile, the rate of transmission of the flood 
wave should be coisidered. Data for this purpose are 10t very ample, 
but they will suffice to form ai estimate of the time which elapses 
between the rainfall eiteri1g the tributaries aid reaching Khartoum. 
On Plate XXIII aid XXXVIa are plotted the flood curves of the 
Blue Nile from the gauge геа 110$ at Roseires, Seriar, Wad Медалі, 
Khartoum, Berber, Wadi Halfa, aad Aswan for the flood of 1903, aid 
from them the following data are take1 :— 


Days taken for water to travel. 


River at Roseizes. . Date. Roseires Sennar Wad Medati 
to Sennar to Wad Medani | to Khartoum 
287 km. 146 km. 206 Kin. 
Fell KK we X May 31 3 1 3 
ltose Ew Фа s june 4 2 2 3 
Fell s Е 3 1 2 
Rose "c „ы 25 2 2 2 
Fell s. oe of July 8 3 2 3 
Rose Е 39 © = >: З 1 2 
Fell $9. es » 11 3 ()' 2 
Rose n „ 27 1 2 2 
Mean time Poselres to Sennar 2:9 days, or 112 km. per day. 
:: » Wad Medan 4 , 108 : 
з Khartoum 601 ,, 100 " 


93 
or about 10 days from Ње centre of its basin. 


Atbara River.—The last tributary of the Nile is the Atbara 
which joiis it 40 kilometres upstream of Berber after a total course of 
about 1266 kilometres. It rises as the Takazze in the Газа hills lat. 
12° 7' N. approximately, close to the easter escarpmeit of Abyssinia 
aid rapidly deepens its valley into a steep-sided ravine deeply cut 11to 
the basalt plateau uitil only 16 kilometres from its source it is flowing 
11 а ravine 600 metres deep ;?^ at some 50 kilometres east of the 
mouaitaiis of Debra Tabor it turis iorthwards being joined by 
1umerous small tributaries, and others like the Tserare aid the Ghiva 
which are large streams, carrying a coisiderable volume 11 the газу 
season. [1 about lat. 13° 12’ N., 1ear where the road from Adua 
to Goidar crosses it, the Takazze turis westwards aid following a 
geieral directio: somewhat iorth of west finally, uider the зате of 


1 As the gauges are only read once a day it is not always ,ossible to determine with accuracy 
the time taken bv the flood wave. 


2 Markham Јонг. В. Geog. Soc. 1868, р. 42, 


PLATE XXVIII. 


SECTIONS OF RAHAD RIVER 


No. 1 400 Km. from Nile 3-1-03. 





metres 20 


yards зо 
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HORIZONTAL SCALE 7 : 2.000 


10 60 yanis 
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a п — —————— 
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VERTICAL SCALE 1: 500 


SURVEY DEPT. 


Hefore leaving the Blue 


Fell à с. } 1 
Mose .. .. о. ә 3 
Fel 2 es G 1 J 
Ног 9 2 
4 Fell 4 @' 
Ren oe 9 
or aho 
about 1266 kilometres, It rises as the Takezze fn the Lasta hills lat. 


9 Markham Jur. R. Goog. Яне, 1908, p. (2. 
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Beke' crossed it at the first of these poiits appareitly at the eid of 
March 1841 aid describes it as being the1 20 yards wide and a foot deep. 

Ferret aid Galinier? iı March 1843 crossed its valley in lat. 13? 15' М. 
approximately half-way betwee1 Rohlfs’ crossiig-places, aid described 
the river as 20 metres wide, оле metre deep rising to 4:5 aid 5'5 metres 
deep 11 flood aid flowing in a deeply eroded chaiiel 600 metres below 
the gereral level of the plateau. 

Неле 11 January 1862 crossed the Takazze just below the poiit 
where it turis iorth-westward aid describes the valley floor as 80 
to 120 paces (60 to 90 metres) wide, i1 which the river, about 35 me- 
tres wide aid a metre deep, flowed rapidly. 

Small scale maps offer little guaraitee of accuracy when river leigths 
have to be measured, but 10 survey of the Takazze valley yet exists, 10r 
have ary of the altitudes bee1 determiied more accurately Шал barometric 
or hypsometric observatiois admit; the following table must therefore 
be take1 as furiishing approximate values oily which will probably be 
coisiderably altered whe1 exact determiiatiois become available. 











| د‎ Distance 
"me indem. | Мот | metres. 
km, - 

Source .. vs ж x wel ж | about 3000 
Where Oe by M Markham $40 ж жє ж 20 20 2440 

5 s ПОП oo se жа ww 33 120 140 1310 
Juon with River Meri’... о 20 160 1260 
Where crossed by Ferretand Galinier .. ..| 0 280 1005 

е „ Rohlfs .. . сн 100 380 817 
Janctton іб Баға uc му ш ый жа з 384 164 400* 
KhashmelGirba .. .. .. .. .. .. oo 14 841 155! 
Goz Regeb .. Se эж аш dar um ша 151 092 390° 





Junction with Nile $us d» sse se же жар IM 1266 335! 


The lower part of the Takazze before it joins the Atbara is kiowa 
as the Settit which is about the same size as the upper portio1 of the 
Atbara at the point where they join.  Keceitly this part of the basin 
has bee1 described 11 coisiderable detail aid sections of the river 
measured at several poiits, thus furiishiig a more accurate account 
of them thai has hitherto bee available. 





' Proc. Royal Geograyhical Society, 1842. Vol. XIV. 

2 “Voyage en Abyssinie.” 

3 Loc. cit. p. 191. 

i 99 „ P 291. 

5 Dujuis from aneroid observations.—Re;jort uson Lake Tsana and the rivers of the Eastern 
Sudan—in A Reyort on the О, yer Nile. Caire, 1904, p. 25. According to the Sudan Railway 
levelling the altitude of the junction of the Nile and the Atbara is 352 metres above sea-level 
at low stage and about 359 metres in flood. Caytain S. T. Newcombe В.Е. gives the slope 
in April 1903 from the Nile water surface to that of а ‚оо! at Hilgi, 69 kilometres ustream, 


PLATE XXX a 


SECTIONS OF THE ATBARA RIVER 


m e 3-1-03. 


No. 3 Mohammed Osman about 860 Km. from Nile 24 - 2 - 03. 


No. 4 Khashm ei Girba 425 Km. from Nile 24-2-.03. 


metres 20 10 о 20 40 во eo 
yards 20 10 9 20 40 во го yards 
metres 6 0 8 10 18 20 metres 
VERTICAL BCALE 1 ::800 орет MÀ س‎ 
feet 10 0 10 70 30 40 50 60 feet 
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Gedaref. 





YEARS Jan. | Feb. | Mar. | Abril | May | June; July | Aug. | Sejt. | Oct. | Nov. | Dec. | Year 





_-- -———Ó——— == UK E IPOs m d —-————— -—— Белла —ÀMÀÓ Гг ا‎ (3) EEE o EEE aem Sse CURL eee (eres gi 


1903 ..| .. , els | .. | 110) 203} 120) 01 0| O | [433] 
1000 ..| 0| 0| 5| 0/33] 59 H6| 216| 97 29] 9| 0| 5x7 
19053 .. 0| 0| 8| 0| 41 | 112 275) 64] 108| 2] 42 | 0| біт 
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Mean..| 0| 0| 6| O| 37| 86 177 101, 107| 101 15 | 0| 59 


Khashm el Girba. 


YEARS Jan. | Feb. | Mar. | April | May | June | July | Aug. | Хе). | Oct. | Nov.) Dec. | Year 
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1903 esl .. | ee | we | oe | ee | BOY) 15| 139| 08 | OF .. tw. | [312] 
DOE жи se | re Tes | us 3 0| 53| 95 54/37) OF OF [2H] 
1905 за as | we | ss has че | 29 | ШОЕ Sl | ss boxed [334] 
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Mean..| .. | «. | ee | ee .. | 18 | 102| 105| 59 | 20] OF OF [304] 


The Takazze begiis to rise with the early raiis of Abyssiiia 11 
May aid early in Jure the middle reaches of the river are affected. 
Here at this time owiig to the deficient supply the permaieit water- 
surface is at most polits below the surface of the river bed except 11 
the deep pools, but as the upper river rises, water flows dowĘ aid 
raises this water surface till ruiii1g water appears асал 11 the bed 
of the river. This is called by the iihabitaits “the swelling of the 
springs.” The Atbara is ofte1 described as beiig torre) tial in character 
but this is more true of its tributaries 1n the upper reaches than of 
the river itself. Its slope is as showi above 10t excessively high, aid 
whea it has risen 11 flood it flows steadily, the suddei rises aid falls 
which occur being due to its tributaries risiag o1 the Abyssi1iai table- 
laid aid fed by the heavy raii-storms of July aid August. 

It is said to be more heavily loaded with sedimeit 11 susp2ision 
thai the Blue Nile but oily two actual observatiois exist; a sample 
takeı 1ear the juiction with the Nile 01 August 24, 1902 gave 4759 
parts per million while the highest value for the Blue Nile in that flood 
was 1573. Its volume varies certaiily from year to year but 10 sufficient 
data yet exist to show whether its variations correspoid with those of 
the Blue Nile; siice it draiis iortheri Abyssiiia, while much, if 
106 the greater part, of the Blue Nile water is from the southern 
part of the table-laid it probably differs slightly from the latter. 

Ihe volume discharged by the Atbara was measured 11 1902 aid 11 
1903 but the results of the former year are 10t wholly satisfactory 
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If the early rains are unsually heavy, the Atbara will bring дол a 
large flood; but 11 years whe the late raliis are the heavier, the 
Atbara flood will 10t be so marked, si1ce the rainbelt has moved south- 
wards; 1874 was ai 115ѓалсе of the first, aid 1878 of the secoid case. 
In 1903 the volume discharged by the Atbara from July 16 to October 
9 was to that discharged by the Blue Nile for the same period as 
11,972 to 50,799, or about 1 to 4:5. It rises about the middle of Јоле 
reaches its maximum about the third week 11 August, aid thei falls 
rapidly ; from November to Jurie much of its lower course is dry, 
except for isolated pools. On Plate XX XI are plotted the gauge 
curves, for Khashm el Girba 425 kilometres aid for Abu Dar 32 kilo- 
metres from the juictioi with the Nile for the flood of 1903 ;at Abu Dar 
there was a temporary gauge, which was read daily while discharges 
were being measured. The rate of movemeit of flood-wave 11 1903 
ca1 be deduced from a compariso1 of the two gauge curves of Khashm 
el Girba and Abu Dar uitil about August 20; after that the Blue 
Nile had riser iearly to its maximum aid seems to have disturbed the 
regular agreemeit of the two curves for a while. 

The rate of trasmission of the flood-wave is deduced from the fol- 
lowiig data :— 


Days taken for water to travel from Khashm 





River at Khashm el Girba. Date. el Girba to Abu Dar, 393 kilometres. 
Rose .. .. .. oe July 20 4 

Fell .. .. .. .. Aug. 2 2 

Rose .. .. se о. yy 8 3 

Fel sw «2 же ws „ 11 2 Mean time of travel for л rise, 3 days. 
Rose .. se .. .. Sept. 15 2 ( Mean time of travel for a fall, 21 days. 
Fel .. .. .. .. » 17 0 

Rose ss .. ss .. „ 206 à 

Fel .. .. .. .. „ 97 3 


This gives a rate of 131 kilometres per day for a rise, aid 157 kilo- 
metres per day for a fall. Possibly the differeice is illusory aid is due 
to gauges being read oily orce daily. [Ih this case the meai value of 
144 kilometres per day is probably a safer ore to use. If the point 
where the course of the Takazze turis from north to west be taken as 
the centre of its basin, thei the water from this point has about 450 
kilometres to travel to Khashm el Girba, aid 425 kilometres more to 
the Nile. [1 doing so it falls from about 900 metres above sea-level 
at this poiit of the Takazze to about 460 metres at Khashm el Girba, 
aid thei to about 350 metres at the Nile. Thus, if it takes 2°75 days 
from Khashm el Girba to the Nile, we may add about 2:5 days for the 


PLATE XXX. 
GAUGE READINGS AND MEAN DEPTH OF ATBARA RIVER 
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In the upper reaches there is always water but it is 10t flowing in 
the dry ѕеаѕол ; large pools occur bouided by rocky sills aid when the 
raias begia the surface of the water соз лесиз them rises from below 
the surface to above it, aid ru1111g water ара appears. 

The rainfall of Addi Ugri, Kerei aid Cheiafeia (see p. 208) fairly 
represeits the raiifall which feeds it. This may differ somewhat from 
that of the Abyssiiiai table-laid to the south of it, as 11 1905 when 
11 Eritrea the raiifall was above the average although to the south- 
ward there was a large deficiency. 

At Kassala meteorological observations have бее made from 1901 
besides some 11 1894 and 1895. 

These are summarized 11 the following tables :— 


TEMPERATURE CENTIGRADE 1901-1904. 








Jan. | Feb. | Mar. (Ар May | Липпе July | Aug. | Sest. | Oct. | Nov. | Dec. | Year 
Mean.. .. oof 210) 23:2| 26-6, 30:52] 32:0| Bord] 2777) 27:4] 29*3} 29°45) 28-4| 23-0 
Mean Maximum.| 32*1j| BEH 377 8| 40701 40-7; 391} 35.01 34:60| 36-11 377 7| 360| 35-0 
Mean Minimum.; 1513) 17*5| 19:4| 22-5) 25:91 25731 237 3| 23:0| 23:2; 23- 8| 21:6| 1772 
Extreme Мах. ,, | 34°9) 8931: 40:9} 43:6| 43:3| 42 38:5| 377 1| 31^ 7| 40-3: ЗК 37-3 
Extreme Min...) 10:3| 13:2| 13: 7| 12-1 22:1| 21*4| 2076) 1:8; 19*8| 2073] 16:6| 12:2 
Range. .. ..| 1608] 165| I8:5| 17-5) 14:8| 13:8| 12:3| 11°0| 13:4| 14.1] 15-4) 17:8 


RAINFALL IN MILLIMETRES. 


——— ай 


Y EARS Jan. Feb. | Mar. | A;ril| Мах | Тане | July | Sug. | Sept. | Oct. | Nov. | Dee. | Year 


ник po —— A T eee е E a а ЕИН РЕГЕ po pu ————— ч ©  —-— = 
Sa EE —  — 


1804 e е æ ө ° © К. 
1895 ..| 0| VE 0| 0| 3| Wj oe fas Û oe pasjes] a 12 


1000 .. ee | we | ee | we | we | ee | we | 2300. 97| .. | 

1901 ..| 0: 0| Of 2| 6132|37| 10] 311 of 0| Of 249 
1002 .. О! of Of 6| 1| 3|96} 50 2125| 0| OF 201 
1903 ..| 01 0| 0| 2) 24] 23] 63} 78 76 0| 0| 0! 2606 
104 ..] 0| 0| Of of 4| 6] 58] 62 127 59| 41 0 | 320 
195 .. 0| 0| Of OF 2130 j оз | 127] I26| 0| 0| 0| 378 
Mean..| 0 0| 0| 2] 7] 24] 69} 108) 68 i7 1] of 296 


Menges’ visited the March in April 1881 where it turis westward 
at a point 11 lat. 14°.45 №. aid almost o1 the 38th meridiai; the chai- 
1el was here 30 metres wide but without water 11 the dry season 
although it was obtainable by digging to a depth of less thai a metre. 


1 Pet. Mitt. 1884, р. 162, вее also Munzinger “ Ostafrikanische Studien,” 1864. 


PLATE XXXI. 
GAUGE READINGS RIVER ATBARA 1903 & 1904 
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The Blue Nile from a basin of coisiderable size receives e1ough 
water to keep the water-table above the floor of its bed i1 the dry 
хеахо1 while 11 flood its discharge may reach perhaps 12,000 cubic 
metres per second aid its load of sedimeit сал be carried dow 1 to Egypt 
without being deposited to алу coisiderable exteit. The Atbara 
саггу11 5 a heavier load, dvaiiiig a smaller basia, ore of lighter галла! 
aid with a shorter rainy ѕеаѕол, can oily keep its water table above 
its bed for some 6 moiths in the year but during that time aid 
especially in its flood period it is able to carry its load to the Nile 
aid there to add it to that which the Blue Nile has brought down. 

The Gash has a still smaller basin aid rising further тог has both 
a lighter raiifall and a shorter rainy seasoi besides flowiig out 01 to 
plains which lie near the limits of the region receiviig ал appreciable 
rainfall. 


Summary.— Оле of the two pricipal factors 11 the Nile supply, 
which has bee1 already meitioied is the Albert lake aid the raiifall 
o1 the plateau immediately north of 1t; the other, aid by far the 
more importait, is the raiifall oì the Abyssiiiai tablelaad. which 
supplies the Blue Nile aid the Atbara. From these pours dowa the 
a11ual Nile flood in July, August, September, aid October, while in 
most years the blue Nile flows throughout the year, though its volume 
after Jaiuary is small. We have seer that the pu1ctual arrival of the 
flood each year is due to the regular 1orthward movemeit of the 
rainbelt, aid that the regularity of the rise aid fall is caused by the 
lorg distaice its waters traverse before reachiig Egypt, whereby the 
irregular rises aid falls of the upper reaches are smoothed out. 
Being supplied from a single river system with a single галу season, 
excessive floods are 10t caused by floods in differeit large tributaries 
occurring at the same time, but the Nile flood varies very iearly as 
the raiifall 01 a single area of 10 very great exteit aid coisequeitly 
within moderate limits. This raiifall decreases from south to 10rth, 
aid while it maiitaiis the Sobat at a high level from July to December 
with the aid of the flooded plaiis of the Pibor, the Blue Nile is 
falling rapidly 11 October, aid the Atbara after Jaiuary is from 
Khashm el Girba dowiwards oily a succession of pools. Abyssinia 
after ceituries of arrested developmeit appears now to be advaiciig 
rapidly, aid with the cessation of the civil war which was almost 
coitiauous up to about fifty years ago, a large iicrease of the 
population must take place. While it is not likely that алу charge of 
river regime will occur 11 the immediate future, it is impossible 
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not to be struck by the frequeit mentior by travellers of deforestation 
11 the neighbourhood of the larger settlemeits, aid at a future period 
it may be that this may proceed far enough to bring about the results 
which have been experieiced 11 other couitries, namely more rapid 
rise aid fall of floods, their greater range, and a greater removal of 
detritus from the mountain tract to be deposited the first reach of 
moderate slope, that is 11 the river beids o1 the Sudai plains. 

Ihe deeply cut chaiiels of the Blue Nile aid Atbara with baiks 
risiag 6 aid 8 metres above flood level are of special iiterest to the 
geographer; they, as well as the abseice of receitly deposited flood 
plaiis, tell of a gradual cutting dow1 of the bed, a1 adjustmeit of 
grade which, for the preseit, may be attributed to the erosion of the 
rock sills which form the cataracts, or more properly rapids, of the Nile 
below Khartoum, though it caniot be said that elevation of the 
Abyssiniai tableland has not assisted. 

Whei we iotice how very moderate the raiifall is ол the Sudan 
plaiis to the north of lat. 9° N, the importaice of this tablelaid rising 
to 2000 aid 3000 metres above sea-level is evideit, for without it to 
cause the southerly air curreits to rise, aid thereby coideise their 
moisture 11 the form of rain the Nile would eid 11 the 10rther1 desert 
of the Sudai by its waters being dimiiished by evaporation aid finally 
sliikiig beieath the surface aid depositiig its load of sediment аз ал 


alluvial fai, like the Khor el Gash aid тазу other rivers of iorther1 
Africa, 


e MEE on 


CHAPTER VII. 


Тик NILE FROM KHARTOUM TO ASWAN. 


General description.—From Khartoum to Aswan, а distaice of 
1875 kilometres, the Nile flows through a desert region, and cultivation 
aloig its baiks is restricted to isolated patches which oily here aid 
there are sufficiently close to form а belt of vegetation of ary leigth. 

Ihe raiifall, which at Khartoum 1s oily 107 mm. a year o1 the 
average, rapidly decreases 10rthwards aid at Berber two or three rain- 
storms are the most that occur, while as far as Merowe they happen 
occasioially ; beyoid this poiit the slightest shower is rare. А new 
climatic proviice has beer e1itered, characterised by arid coiditiois aid 
vegetatioi is limited to the baiks of the river, away from which there 
are but a few thoriy acacias aid other hardy desert plaits which 
exist in the shallow drainage lines or wadies. Except for the volume 
added bv the Atbara the Nile is rapidly losing water by evaporation 
aid seepage throughout this portion of its course aid though observ- 
ations are as yet insufficient to determine the amount, still it must 
be coisiderable. Southerly winds just reach lat. 18? №. aid iorth of 
this the 1ortherly trade wiids, which blow throughout the year, from 
their dryiess cause rapid evaporation. 

Right aid left of the river the couitry rises gradually but reaches 
oily very moderate altitudes ; 820 metres or about 500 metres above 
the river is the highest point in the Bayuda desert, while oi the Berber 
side it is 1early halfway to Suakii before hills rising to 1200 metres 
are met with. The desert to the east of Doigola aid Wadi Halfa is 
geierally from 400 to 600 metres above sea level while a few hills rise 
to 1000 aid 1200 metres; to the west the desert is flatter aid the 
geieral altitude rarely exceeds 500 metres. 

There has 10t as yet bee алу very systematic geological examina- 
tion of this part of the desert. In genreral there is a series of 
crystalline rocks represeited by greiss, graiite, aid schists, while 11 
certain places there is a large development of horibleidic rocks. On 
this highly eroded old laid surface the beds of the Nubian saidstoie 
have bee laid dowi, without, so far as is kiowa at preseit, ату older 
pre-cretaceous rocks occurring. It may be that a conglomerate largely 
developed at Jebel left 1ear the Murrat Wells betwee1 Korosko aid 
Abu Hamed, may represeit some of these aid it is too soo1 to say 
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definitely that others do 10t exist. Much examination of all this 
district remaiis to be dore, aid it will not be uitil the geographical 
coiditiois aid the recent geographical developmeit of this part has 
bee1 carefully studied 01 the spot that we may hope to trace the causes 
which have determined the great curve of the river between Abu 
Hamed aid Dongola. 

I1 the reach from Khartoum to Aswan the Nile attaiis its greatest 
volume as here are collected the waters of the Blue aid White Niles aid 
the Atbara, while evaporation aid absorption have 10t yet materially 
diminished them. For a few days oily at lowest stage 11 dry years 
wher the Blue Nile is supplyiig almost 10thiig, the poiit where there 
is the maximum volume 11 the river is perhaps immediately below the 
Sobat month. | 

We have seer that the blue Nile aid the Atbara 11 their upper 
reaches have eroded their valleys through the overlying basalt aid 
saidstoie uitil they now flow through chaa els cutia the older graiite, 
g1eiss, etc. represeitirg the old laid surface o1 which the saidstoie 
was laid dowa. On reaching the Sudai plaiis they have cut their 
way through the alluvial deposit which has bee: laid dow? 11 earlier 
periods o1 the rock which now underliesit. This 15 mostly the saidstoie 
which was 11 its turi deposited on ал older surface of crystalliie granite, 
g31eiss aid other rocks, which begai as a high ridge to the east of the 
preseit Nile valley aid sloped westwards. But this surface had already 
bee1 greatly eroded so that ridges rose up 11 some places while more 
deeply wor1 depressiois occurred at others. Whe now the Nile had 
cut its way through the overlyiig saidstoie without much difficulty, 
it met at certai1 polits ridges of harder crystalliie rocks, which offered 
much greater resistaice to erosion aid therefore delayed the grading 
cf the reach of the river up-stream of it, causing a short leigth with a 
comparatively steep slope to 11terveie betwee two of geitler slope. 
These old ridges which have give1 rise to the so-called Nile Cataracts 
are composed of various rocks, ofte1 intersected by faults, cleavage 
plaies, or dykes, which form linies of weakiess aloig which the water 
5001 eats out arrow chaiiels. Thus the positio: of the ridges 
of the crystalline rocks determiies the occurre1ce of cataracts while the 
structure of the rocks determiies the position. of the chaiiels 11 the 
cataracts. 


Climate.—As a gathering grouid this part of the Nile Basia is 
Wholly ineffective, for the occasioial storms which burst 01 the desert 
very rarely reach the Nile, aid the volume carried to it on these occa- 
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sions is insignificant, so that after the accessio of the Atbara supply 
there is a steady diminutio: in the volume owing to the climatic со1- 
ditions of the area which are represeited in the followiig tables: 


MEAN TEMPERATURE. 








Feb. July) Aug. 


Khartoum 21° 


Jan. Mav| June 







23*8| 20* 33° 32°90 31° 
Berber . Lig a 29" 3 33°S 84°32 331 
Merowe..| . 2 BL 35*0 33* 1 
Wadi Halfa 15: ( 17: "IT 30°39 32:3 32° 
Aswan ..| 14°918°5| 21*4 26*11 30:0 32° 4 32° 





MEAN MAXIMUM TEMPERATURE. 


Jan. | Feb. | Mar. | Ayr. | Мах | Тане | July | Aug. | Sep. | Oct. | Nov. | Dec. | Year 





—— | -—— — ———— |o — | -— — |l .—— Н ———— | о ———H————— К —À——— So DP Á——— | RE ——— 


Khartoum 20° 4132°4 


30°130°0642°041°7158° 5|37* 9|39* 2139*0|35* 8|32* 0| 36°7 

Berber ..i30*4])32*1|36*2139*9|43*6144* 5|42* 5 43* 4|42* 5|39* 9|35* 4133* 2| 38:0 
Merowe.. А .. |306*6|40*6143* 3141*2|41*5]39*8]38* 8.34* 7]28*]1]. ° 

Wadi Halfa 23. 3 25° 6:32*4|36*0139* 7|11* 4) 40° 8140*0 38: 5|36* 2|29* 7]25* 8|. 3472 

28* 0,31*1 36*2139*1|41*4|41*5/41:9139* 7135313817278 35°0 


Aswan ..122*€ 


MEAN MINIMUM TEMPERATURE. 


Jan. | Feb. | Маг. | Apr. | May | June | July | Aug. | ер. | Oct. |Хоу. | Dec. | Year 


I-— — MA ÜÓÓ ЕЕЕ У] POLL A OL € p ———— kw -———— a COR rm ف ڪڪ‎  -—— —— ———— — — 


Khartoum!14* 


8|]17*4/]18*6|21*825*3125* 8|24*0 24° 7|21*6 23*0/20*5|16*5| 21*4 
Berber ..| 9*3/13:5]18*2/|20* 4 25*6]26*4|260*3/29* 2]27*0|23* 4119* 1|14* 7| 21*1 
Merowe..| . e| oe [19*0/21*2127*0|]26*5)27*9]25*0 25°3)20°9/13°6] .. 
Wadi Halfa 0*0 0*8[13*2|17*5|21*9 23*6|223*4 23*9123*0120* 44114*6110*9| 17*6 
Aswan ..| 9*0|11*5]13:8/|18*4|22:0|24* 2|24* 7|25*0/23*0/20* 7115* 2|11* 4|. 18*2 


MEAN RANGE (MAXIMUM-MINIMUM). 


Jan. | Feb. | Mar, | Ayr. | May | June} July | Aug. | Sep. | Oct. | Nov. | Dec. | Year. 


РЕБЕ А RR d — OwSUÉÁMmcz ڪڪ‎ инь. -— — ОШ. 
a ET D т — — РЕ ہس‎ aE Ta aa Bh, 


Khartoum!11]°*Û15°*017°517°8 


16:715 913 6 t3 2146154153155] 15:2 
Berber ..120°1 18: 0115 01195115 011511102114 °2|15 016° 011° 010° 5 170 
Merowe..l. .. 117:6116*4/]16*3|]14*7|13*60]13*9]13*3|[13* 8|]14^5|. .. 
Wadi Halfa 14°: 311631202118 SILT SILT S117 4116* 1015*5115*8]1571|14: 9| 16*7 
Aswan ../13°0/16°5|17° y 17*Sl17*1117*2116* 8116* 9] 167 7118*111674|15* 0| 16*7 
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Khartoum 
Merowe . 
Aswan) 


Khartoum 
Berber 
Merowe . 


Wadi Halfa Ps 


Aswan 


Jan. | Feb. | Mar 
20 | 10 | 12 
BO 122 | 17 

| 


n ME в 


MEAN RELATIVE HUMIDITY AT 2 PM. 


Apr. 


= т 


May 


] 


L E < - 
w 1 wi чье 3 


] 


June| July 


—— —ÁÀ ШШШ ——Mssm AREE — 


20 | 28 
{ () 
15 | 18 


Ап. | Хер. 





o0 
| 
13 


2 
13 
Is 








Oct.| Nov.| Dee] Year 
19 | lé | 21 20 
1? | IN | 19 

22 22 30) 2) 








PERIODS COVERED BY THE FOREGOING TABLES. 


July 1900-Dec. 1904. 
March 1902-Dec. 1904 (minimum for 1903 rejected). 
April to December ]905. 
February 1890 to December 1904. 
Jaı tary 1901 to December 1904. 


` Wadi Halfa.— PERCENTAGE FREQUENCY oy WINDS 1891-1900. 


January 
February 


March.. 


А гі] ee 
May 
June 
July 
August 


September . . 


October : 


November ..: 
December $4 


Year 


]97 


April .. 
May 
June 
July 
August 


| 
NW. | Calm | Mean dircetion 


НЫ ee ۸۹ ———M—— [P —— | — M ———àA—€—R. Ӱ — ——— |o ЕЕ A ۸ 


Ni NE 
12*21 171,9 
35°21 13*8 
18°33] J6O°Q 
If Wed 
14:1] 19*9 
17*8| 16,3 
99| 14*7 
3*4| 1895 
| 17-5! I1*5 
Lx 15:9 
ЗӨ 14,5 
| oos 5.3 
2279 14:3 


Merowe.— PERCENTAGE FREQUENCY OF WINDS 1905. 


—— Û — —UÓÓÁÁ— § — j ———— | ——sáÁm—. 


September .. 


October. 


Novembet . 
December .. 


Ns 


NE. 


35 | 56 
20 | 39 
11 | 55 
15 | 33 
23 | 38 
19 | 32 
13 | 66 
17 | 70 
22 | 73 


2*0 
1°!) 
e 


() 


=н. = 


۰ ODO mK ыы 
e Ф Ф ® e 


P SW W. 

- S 6*3 
eu 0*4| 11:5 
s aed] 2*8 
d. aa J.N 
1:91 4*5| 2°] 
1:91 471 3*6 
0:31 5:5| 7:0 
9.6 621 3-4 
09] 2:5| 0:3 
"m l*/| 1°0 
0*8; 6|. 3'25 





E. | SE.| S. | SW.| W. 
2 7 | 11 7, 1 
T 3 3 9 1 
2 Э 2| 15 { 

es 1 2| 16 1 
2 T ] | 10 2 
jJ |... 2 2 
1 2 | wa 

js 1 





NW.) Calm 


10 
Û 
q 

23 

13 

25 

11 

10 
4 





иинин НЬ | „ые | -—— € o 





32.0 .. | N. 11° W. 
43:91 O4 N. 24 М. 
40°7| Tel] N. 24° W. 
47:3! 3:5 N. 222 W. 
Ч 73| N. М. 
4311] 5:01 №. 225° W. 
50. 0:91 N. 30° W. 
61*N| Leo) №. 30 W. 
6730 1:7 N. 20^ W. 
51:01 5:5! N. 19 W. 
505) L'ON: 17° W. 
4х: 13-6) №. 20° W. 
51:0! 4*4 


Mean direction 


d e r EHE 


oN. 18° E 


. 26° E 
‚ 93° E 
. 12° VV 
‚ 11° E 
N 
N. 30° E 
N. 30° E 
N. 32° E 


Y 
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Berber.—PERCENTAGE FREQUENCY OF WINDS MARCH 1902 - Decemper 1904. 











N. | NE, | E. SE. | 5. SW.| W. | NW.| Calm Mean direction 
January ..| 75 | .. E Jus шж [| us 6 | I8 | .. №. 122 W 
February .. 70] 2| 1 ; Ps 5 | 22 №. 12°? W 
March.. ..| 68 | 12131. sa x | UII, N. Р\ 
April .. ..| 60 | 10| 8| 1 2. |. aes ) | 15 N. PW 
May .. ..| 4| 8|12) 4/317) 3| 8| 5 N. 12° E 
June .. ..| 4| 7) 5| 4/13]; 3] 16] € М. 13° M 
Jily .. ..| BO] 214111 18 | 12 | 23 N. 82° W 
August ..| 32| 4; 5| 2!16]| of 247 9 N. i3 W 
september ..| 28 | 6 | 101. 4123] 7|13) 9 N. 45° W 
October — ..| 46 | 10 21 | £; 7 2| 4| 6 N. 25 E 
November .. 57 | 7 8|. .. | 11 | 18 N. NW 
December .. | 73 | 3 1 : Е T T W 


mim, 
чи 
k 
—4 
n. 








Evaporation.--[n this reach of the river evaporation is at a maxi 
mum aad it will therefore be coiveiieit to collect together such data 
as exist which bear o1 the loss of water from this cause. Evaporation 
depeids прот the temperature of the water surface, the humidity of 
the air, the rate of air movement over the water surface aid lastly upon 
the atmospheric pressure. Thus it is evideit that values of the depth 
of water evaporated daily, which have bee: obtaiied uider a certain set 
of coiditiois, сал зоѓ apply to other situatiois where the coiditiois are 
differeit. Iı meteorology the object aimed at is to obtai1 results at differ- 
eit places which shall be comparable with one aiother, 11 order that 
the part played by evaporatio1 11 the climate of the regio1 may be uider- 
stood. For this purpose а si1gle patter1 of evaporimeter is used, which 
is exposed as early as possible 11 the same way at each statioi, but the 
results obtai1ed represeit the loss bv evaporation from asmall free water 
surface exposed uider these special coiditiois, aid the resulting value 
сал 10t be applied to larger surfaces uider different coiditiois without 
due precautiois, as it will probably require correction. In Egypt the 
Wild evaporimeter has bee1 used for some time, aid data are available 


— 950 — 


from Alexaidria, Port-Said, Abbassia, Helwai, Assiut aid Aswan, 
which are олуел 11 the following table. 


MEAN DAILY EVAPORATION AS MEASURED BY A WILD EVAPORI METER 
IN А THERMOMETER SCREEN. 





ALEXANDRIA PORT-SAID ABBASSTA 

MONTHS a атаа. 
1901/190211903/1904| 1900 | 1901 1902 | 1903 | 1904 | 1905 | 1901 190211908 

January ... ...| ST] £5 48| 66| . 1:6 | [1:7]] 1:4] 24| 2:0 . 1*1| 1:2 
February ... ‚|! 5:01 273] 5:2] Gedy. 1.7 1-3 1:25 2:] 2.5 : 2*]| 1*4 
March 5*4] 5:31 Gell 7.6! ., zw 2:6 1*6 3-4 277 -T 32| 2*d 
А yril 5*2| HO] 8:2| 772| . 2*5 2*4 1:9 2°8 3°] 2715.0 4*4 
May 27| 472| SOI Te] ; 3° 0) 3:5 2.3 2.8 3 0 307 | 8'1) 6*4 
June ae) Tol col 1*d 2:3 “° 2°2 2*] 2:0 3:3 6*0 | 6*4| G*8N 
July {°4| 7°81 7*5] 1*5] 5 3*0 2* 2°] 3*2 3°] 5:8 | 52| Hes 
August 7°ll 77] 4 61 1*6]. 2*8 3°] 2°2 2 9 3:6 2*1 574 | 5: 7| Hoo 
Se )teniber 1:01 7 S| 8721 7'4| <<. 2*0 2*1] 2*2 2*1 2'. 3.7 | 4-:3| 4*4 
October : 6*5) О 7-6) 6R) 2*0 2*5 ]*5 Е: 3°4 3:0 3*7 | 475| 3°8 
Nowember... ...] 2:51 TO) Gal 6*6| 2-0 2:] 2*0 2*4 2*5 а: 2.2 | 25| 2*4 
December... ...! Cl 2*2] 5-6| 47d ]'5 1:3 1*7 z'ü ]*6 2:2 1*6 | 1:38] lee 





a‏ س [ы == ес O—— — — € LL‏ ا س ا ا ب АДЫНА. Rm — ww ы [E m m — AAOA—M EEE ee‏ ا 











Mean... 5-97-67 68916-89 [227 || 2:12 |(2:21]| 1:98  2-78| 2-7 [t42] l:lda!t 
i Helwan 

ASSIUT ASWAN Баста 

MONTHS КУ ڪڪ جج‎ т> зы е е ڪڪ ج‎ —— 
1900 |1901 1402| 1903 | 1904 |1905| 1901 1902 1903 | 1904 |1905| 1301 
January ...| .. | 2:6| 3:1| [2-7]| 2:3 | 2*6 Hl 5.2 4*5]| 5:7 [5-1 3.2 
February ... : 1:2! 4:5 3:6 41 | 2:5| [7*6 7-8 5.0 71:9 | 7.2 4-4 
March . TO) 70| fa) 41] 02] [fot 10۰7 7.7 | 84| 63 6*1 
СЕ" e quip me [s] GeO | GO) [118] | [10-6] | 1072 | 11.4 [10-9] 972 
May .. ИАН зр SG | 98| P1453 l5? |[11:9]|[13:2]!12-6|] — 10*6 
June .. |14+4155][12+2]| 10:8 [12:1] [16-8 15:2 | 13.2 | 15-3 [17-1] 12-7 
July epo во 11-4 | 1070 [11-2] 15:2 13:2 | 13 1 | 14°9 |14-0} 10-8 
August wef 11-7 41413129] [9*7]| 10,1 | 9:4| [14-8 [13:2] | 1273 | 12:1 17:7 9:2 
Seytember | 9:45 | Meat 9*4|. 7*0 | 3-7 | GeO) [10572 12:0 | 10°7 | 10-8 |11:4 9°] 
October ...| Gl | 5:6] 6% 4.8 | 6:1 | £9} 12:6 8*8 9:2 | 8-6 |10-0 8-9 
Noveniber 42 | 3r6| 441 2 2.5 | 2.6] 10 2 od 6*1 5*6 | 7:6 3:8 
December 2:3 | 2*9] 3-01 [2:0]| [1-:8]j 18| [6:3] [41] | 48]| 41 | 4°6 3:6 


rers NN. RENE o EE NN EE = ed =a ———Á S pu ee -— =, OT сау 4 ر‎ aoe ео, Те Е a EQ 


Mean ... |[6:84]|8:38]8-60|(6*72]| (6:182) 6-1| (11:71]| [10:17]|[9:06]|[9-78]|10*4| 7° 


\ 
ge 
<> 








[1 Upper Egypt evaporation has bee: take1 as 7:5 шт. per day in 
summer! and 3 mm. per day 11 Lower Egypt, or 5 mm. and 2 mm. per 
day as the mea: values for the year ; 8 mm. is givei аз а mean value 
for the year’ while 1:2 mm. is also give: as the average amount lost by 
a сала] by evaporation aid absorption,” and 8 mm. is take: as the 
probable mea1 daily loss from the surface of the Aswai reservoir“. It 
seems very doubtful whether such differeit coiditiois really give алу 
close agreemeit. The value of 7:5 mm. wasobtaiied from observatiois 





| Willcocks, “ Egyytian Irrigation,” Loudon 1899, p. 11, 
* Ibid. Table viii., p. 50, 

3 Ibid. p. 65. 

* Ibid. p. 138. 
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In his paper o1 the Aswai reservoir Fitzmaurice’ coisiders the 
results of the Wild evaporimeter to be inaccurate but he appears 10# to 
have realised the effect of differeit coiditiois aid takes the results of 
the 1ormally exposed iistrumeit as claimiig to give the loss from a 
large reservoir surface. Still the form of evaporimeter used at the 
reservoir Will 10t give wholly satisfactory results as it is a shallow taik 
] metre square aid 0°3 metre deep exposed to the sun but somewhat 
sheltered from wiid aid protected by fine wire 1ettiıg of which the 
side of each square is 2 mm.; this сал 104 be considered as reproduciig 
the free exposure of the reservoir surface siice evaporation 11creases as 
the square root of the wiid velocity and a fine wire cover must greatly 
11terfere with the free removal of water vapour.’ 

The following table gives a comparison between a Wild patter 
evaporimeter exposed 11 a double-covered Renou screei aid the орел 
pai as used at the Aswai Reservoir. This pai was 1 metre square, 
0:3 metre deep the top of its edges being level with the grouid and 
the top covered with wire gauze 25 squares to the square ceitimetre. 
It was placed 80 metres to the 10rth of the dam o1 the west bark of 
the river aad was somewhat sheltered from the prevaleit wiid but 
exposed to the sun. The loss was measured daily ; about 4 to $ was 
allowed to evaporate aid the box was thei refilled. 


MEAN DAILY EVAPORATION IN MILLIMETRES NEAR ASWAN RESERVOIR 











1903 1901 1005 Mean 1903-7 

А вре А} ву cla) pyc) ay pyc 

January .| 45 3:3] 1°2| 5°Й 3:4| 2°38) 5:1| 3'4| 1'7| 5r 1| 54 177 
February ‚| 50701 4*8| (2| 7*2| 4:3| 2°9| 7°2| 4*1| 8°2| Geo} H4 21 
March. . ‚| 77 GO} 1°7| 874| 5:9] 2:5| 631 6*2| 0°1| 7*5| 60. 1*8 
2 КР 11092) 9*7] 0*5117*4| 7*0| 4°4]10°9) 7:6) 3:3|107 8| el] 277 
ау .. ІО O*]II*2| 8*:4| 4*8|12*6| 9*2| 34126] Ded) acl 
June ‚|13°9|11°5| 1'7115*8| 9*2 6^ 1|17*1| 0*8| 7131152/102) 570 
July .. AWB 1]11*9| 1*2114*9| 9*4] 575114701 97 7| 4*3114*0110* 54 37 
August. .. ..[|I2:310*'8| 1*5|12:1| 9:5| 2-611377, 9°82) 4:2]12* 7| NS 272 
September .. ..|]10:7| 7°5| 3°2|10°8) 7*5| 3:311:4] 8:01 3:4|11*0| 7775 8:8 
October. .. ..| 9:2| 6:31 2:9] 8*6| 6*8. 1°8[10°0| 6*8| 3:2] 9°3) Geb) 2*7 
November .. ..| 6°1| 4:6| 1751 5°2) 4°06 1*0] 7*6] 4:5| 31| 6'4 4*6| 1*8 
December .. ..| 4°8 3°5 3 4'l| 3:6) 075| 406| 370 1°6| 4*5 0'4| 1°1 
Year .. .. ..| 1| TO 1:5 0°8| 606] 32104| 6*8: 376| 9.8) 770| 278 
% .. «+ «| 100184 | 16 | 100| 67 | 33 | 1001 65 | 35 | 100) 72 | 25 


eva oration as measured by Wild ewajorimeter in screen. 
eya oration as measured by 1 metre square pan in оеп. 


۵ 
INN 








l Proc. Inst. Civ. Eng., 1903, vol CLII, p. 151. 

з Recent ех ;eriments made at Helwan Observatory by Mr B. F. E. Keeling а, ear to show that 
ела oration from such a tank covered with this wire netting is about 30% less than from one 
Without it, 
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Itis hardly 1ecessary to poit out that these values of evaporatio1 from 
a free water surface are 10t applicable to moist or wet laid surfaces, still 
less to laid carryiig vegetation ; here the coiditiois are greatly сһал ged. 

For each situation special determiiatiois are required on accouit of 
its particular coiditiois. Eser' gives the following table which 
exemplifies this : 

EVAPORATION IN GRAMMES FROM A SURFACE OF 1000 SQUARE CENTIMETRES, 

Covered with: 


| Straw in centimetres. l'ine - Beech 
Fallow | Stores || needles lur lea ves 


Growin 
veretation 
I cm. 0*5 2*5 n э cm. 5) cnm. 5 ет. | grass ete. 


К ш LS е ер с = Ке = ы ы ucA-———Á— а  —— аана ————— ت‎ ы. ————M— -— D ттт =ч 


1883 | | 
July 12 | 5739 | 1862 | 2372 | 1040 | 571 621 S78 | 630 | 13202 
Aug. 12 | 
Percentage} 100 33 


TN 
ENS) 


15 10 11 15. 11 24.3- 


If the surface layer is so thoroughly dried by a hot sui that capillary 
attraction 10 loger supplies water to the surface, as coistaitly happeis 
i» Egypt, evaporation decreases very greatly ; experiments have showa 
that such dryiig for 2 ст. reduces the evaporation to 34 % for quartz 


said aid 66 % for calcareous said while with a1 8 cm. layer it fell to 
12 % aid 16 % respectively. 


Temperature of Nile water.—The temperature of the Nile 
water will also affect evaporation from it, aid a coisiderable 1umber 
of observations have bee1 made which have bee: fully discussed by 
Guppy?” aid from them he deduces the followii table:— 


DETWEEN FIRST 
— BETWEEN ASWAN AND MINIA AND SECOND CATARACTS 
Air Water Water Diff. Alr Water Water Diff. 
January .. .. ..| 148 15:3 +1°1 | 17% 16*4 —1°5 
February .. .. «| 10.7 16*9j + ()*2 | 20°3 (15:3) | —2*0 
March.. .. .. ..| 19:58 20*2 TOt | 23*8 (21.4) —?-4 
April së «2 .. «| 2298 21°41 —]1*4 28° 23°.) —)'6 
May se Ge se sal d Эа — 30) 31° 4 2r» —1*2 
Juno .. oe a. e. 2879 21.2 —4 7| 32-2 25*0 —6*6 
July ee .. .. oof 30:2 25°8 4| 3354 26:0 —74 
August .. oe wep 290 20*5 = 3x9 28*l —1'5 
September... .. ..| 2382 26*1 —2*:]1 | 81:7 20°7 —5'0 
October .. .. ..| 90-4 218 —1 | 26:9 25*9 —]*7 
November .. a. ..| 20:7 20*3 —0*4 23*0 19,9 — 1 
December .. .. ..| 17:7 15:3 + (°) 18*5 17.2 —]1*ü 
Year .. ..| 23°95 22*0 —1°5 296*8. 22] —1'1 


! Forsch, a. 4. Gebiete der Agrikultur Physik, von Wolluy 1881, р. 1. 
? Коу Phys, Soc. Edin. 1894-5, p. 33. 
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То this may be added some observations made by Peel’ between 
September 12 and October 23, 1851. 





ASW AN-KOROSKO BERBER-KHARTOUM 


CAIRO-AL WAN (11 DAYS) - (4 DAYS). (4 DAYS). 
Air Water Dilf. Air Water Diff. Air Water Diff. 
Ce. C? C9 C C? Ce C? C? C? 
5.30 w.m....1 25*1 е) —(*2 29:4 | 26:7 | —2: 11 21,7 | 25:9 + f°? 
N 99 ev 26 *3 25°00 — | ) 2*2 21:3 — 4:0) e е e © e ө 
12 noon  ... 28* 2 25:8 | —3*1| 35-4 | PTS | — (^31 3372 20 7) —5*5 
6 p.m. 309 | 25*8 | —5r1i 36-1 | 27:9 | —6872| 30*8 | 20:6 | —4*2 


At Hawamdia Sugar Factory, 17 kilometres above Cairo, the river 
temperature has bee: observed daily at 6 a.m. and + p.m. (6 p.m. from 
February 7-March 14), for some time by M. C. Roux the director of 
the factory’ and they form a very 11structive series. 


D s.m. 4 p.m. 








Month | l m 

Аг Water DiN. Air | Water | Dill. 

("е С С° T (е (‘о 
February 1905 .. .. sl 10°3 +22 19° » 12:9 68 
T А a 18°33 16*1 EU 
March — . з | 161 | +48 pi mel ae | 
April S. ча enh Dordt 20*0 +3°6 р 21°8 —17'4 
Мау жоо жш sal 19:8 22*4 +2°6 21'0 24-4 —9°6 
June « x» war RES 25:7 | +3°2 34.3 27-4 —6:9 
July a ss wap wore 20°7 + 3°) 39°71 28°] —7*0 
August ж wb welt wore 20*8 +3°6 34°3 27°8 —6°5 
eptember о Ce жш IL 2°) +41 30°8 26°5 —4°3 
October  , .. ..| 200 25-0 | +5°0 28*0 25*5 —2*5 
November , .. ..| 152 2]*9 +67 23'5 219 —1°6 
December . .. .. 9*0 10*8 T8 16*9 17°0 +01 
January 1906 .. .. £2 14,2 +7°0 16*8 14*5 — 2 (0) 


Seepage.— here is however another factor which is much more 
effective thai evaporation 11 reducing the river supply. [1 humid 
climates the greater part of the rain which falls siıks into the grouid 


A ride through the Nubian Desert, Londou 1852. 

I am indebted to the Société des Snereries d'Egypte for these observations. 
At 6 p.m. 

1-14 March 6 p.m 

15-31 March 4 p.m. 


ы ^» м &® سم‎ 
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The Blue Nile meets the White Nile at Khartoum at right aigles 
aid the combiied stream now flows 11 a wide aid comparatively shallow 
chaiiel (Plates АМАП ала AAA [IY a) with reduced velocity so that 
said-baiks are iumerous. The rocks ол either side of the valley are of 
saidstoie aid reach no great height. At 76 kilometres from Khartoum 
the river passes through the 1arrow gorge kiow1 аз Shabluka aid it is 
a polit of some i1terest to determine why the river has cut its way 
through this hill mass of crystalli1e rocks which rises to about 120 metres 
above the plaia which here is орел aid slopes geitly towards the river. 
No detailed 11 vestigation of this spot has yet bee1 made but the following 
account 11 дісаќеѕ the priicipal characteristics of this rock mass. 

It is composed of ал aicieit group of volcaiic rocks which have 
bee1 penetrated by more receit dykes of felsite, while 11 the gorge 
itself these make up the mai1 mass of the rock exposed. So far аз a 
cursory ехапилайо1 showed, 10 special fracture or other line of weak- 
1ess has determiied the course taken by theriver.! This would appear 
to indicate that the Nile has slowly cut its way into these crystalline 
rocks at a time before the surrouidiig couitry had beer eroded to its 
preseit level. 

Discl:arges were measured here from Филе to October 1903 at a 
point about 2 kilometres dowi-stream of Jebel Royai.? This gorge or 
cataract is given by Chélu? as falling 13 metres 11 а leigth of 18 kilome- 
tres; below this, where the velocity agai1 moderates, said-baiks 
and islaids are iumerous. А survey of the Khartoum-Shabluka 
reach which has just bee1 completed shows the water-slope (20 Јал - 
uary 1906) to be 85 metres in 80 kilometres from Khartoum to the 
head of the gorge and only 0:24 metre 11 the 7:5 kilometres of the 
gorge itself. 

At Sheidi the river berds 1orthwards, which directioi 16 maiitaiis 
uitil Abu Hamed, receiviig ол its way the Atbara, its last tributary, at 
a point 139 kilometres below Shendi aid 40 kilometres above Berber. 
Here the alluvial plain deposited by the Atbara covers all the uiderlyiig 
rocks but at a short distaice 1orth of Berber crystalline rocks occur. 
About 45 kilometres dow1-stream of Berber is the begi1111¢ of the Fifth 
Cataract caused by these crystalline rocks, aid aiother short leigth of 
rapids occurs about 40 kilometres further dowi-stream. Beyond this 
o1 reachiig Abu Hamed, 208 kilometres from Berber, the river divides 


l Contributed by Dr. W. F. Hume F.G.S. 
* Nee, p. 259, 
8 “Le Nil, le Soudan, l'Egypte," Paris 1891. p. 30. 
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From Merowe to Dongola, a distaice of 270 kilometres, the river 
flows i1 a large curve free from rocky obstructions aid with cultivated 
baiks, while to the north of Doigola the alluvial plain wideis to form 
the fertile islaid of Argo. Sixty-six kilometres north is the Ha1iek 
cataract, aid here again the crystalline rocks, which siice the eid of the 
4th cataract above Merowe have bee: hidde1 be1eath a deposit of sard. 
store again appear. This cataract of Hannek, which with that of 
Kaibar has bee1 mapped aid described by Gottberg ! is according to 
him €47 kilometres long with a fall of the water surface of 5:525 
metres at low stage aid 3:20 metres 11 flood (1856)? which is made 
up of sevei drops of various sizes the steepest being 0°86 metre 11 
60 metres. 

This region was geologically examiied in 1902 by Dr. W.F. Hume 
who fouid that 11 the southerà portio1 of the cataract the fui dame 1 tal 
rock is gieiss which is traversed by bards of graiite, aid these give 
rise to rapids whenever they occur 11 coisequeice of their superior 
power of resistaice to the erosive actio1 of the river ; further dow 1 the 
cataract the rocks are of the same character except that 11 the plai1 on 
the wester1 side patches of white marble occur as iitercalated бал, 
but it is still the graiite dykes which form the successive groups of 
rapids. 

Kaibar Cataract, 63 kilometres below Нал лек, is much shorter being 
oily 400 metres 11 lergth aid causiig a fall 11 the water surface of 3°5 
metres at low stage aid 0°30 metre at high flood (1856),? when it is 
practically i1visible. It 15 caused by a low belt of gieiss which rises 
beieath the overlying saidstoie aid has beer brought to light by the 
river having cut dowi through this upper rock. 

Beyoid Kaibar the river is uiobstructed for 110 kilometres whe. 
the Amara rapids are reached, but these form 10 serious obstacle, aid 
are succeeded by 38 kilometres of clear water before the Dal cataract. 
The Amara rapids are caused by a mass of schistose rocks, while at 
Dal a coarse graiite forms the river bed aid the islaids which 
separate the stream into several braiches.' 

Ihe Akasha rapids occur at a poiat where the Nile flowing east aid 
west Гог a short distaice meets the gieiss which 15 striking тог aid 
south ; after the rapids the river turis 1orthwards aid flows parallel 


| "Les Cataractes Чи Nil.” Paris 1867. 

2 This was a high flood rising to 0:83 metre above the mean maximum reading at Roda for the 
узага 1825-1872 see Chay. VIII. 

ё Gottberg loc. cit. 

4 Dr. W. Г. Hume. 
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Here, instead of a few ога лібе reefs each formiig a series of rapids, we 
find 1umbers of islaids, some 60 being fairly large, while the total 
1umber reaches about 200. Сгал Це and greiss are rare and the priicipal 
rocks are a series of dark horibleidic rocks, which are ofte1 much 
crushed, and are cut by 1umerous dykes of dolerite and other rocks, 
enabling the river to erode a 1etwork of chaniels most of which are 
shallow and dry at low stage.’ 

From Wadi Halfa to Aswai Cataract the river is 1avigable and free 
from rocky barriers. A marked feature is the series of well-built spurs 
of large boulders which have bee: placed at right aigles to the bai К to 
cause deposit of silt which can be cultivated at low Nile ; similar ores 
occur 11 the neighbourhood of Haiiek. The boulders are darkeied by 
loig exposure and they probably date from aicieit Kgyptiai times 
though there seems 10 evide1ce to correct their coistruction definitely 
with Ramses II аз has bee stated.” In this reach oily saidstoie is 
met with uitil the villages of Abu Hor and Kalabsha where стал Це 
with diorite veiis agaii occurs. 

The first or Aswai Cataract is again differeit in some degree 
to the Secoid and Third Cataracts; the islaids which fill the 
river bed at this poiit are due rather to the lines of weakiess 
caused by faultiag than to dykes of a less resistait rock. There has 
bee1 coisiderable movemeit and crushing in former times: and the 
soft rock which was met with whei the foundatiois of the western 
portion of the dam were beiig excavated, was such a crushed and 
schistose mass.” It has bee stated that o1 other liies of sectio1 contin- 
ous solid стал Це occurred* but the geological exami ation of the cataract 
affords 10 support to this созбе бол and there is 10 doubt but that the 
water chai els are everywhere determiied by less resista1t rock which 
has usually been crushed alo1g lines of faulting. 

The effect 01 the river of these ridges of crystalline rocks, which 
form rapids and cataracts at 1umerous poiits between Khartoum aud 
Aswa1, 15 to delay the formation of a regular slope or grade since they 
offer a much greater resista1ce to the erosive actioi of the stream thai do 
the alluvium and saidstoie which cccur betwee1 them. Thus we have 
a series of reaches with a low slope separated by short lengths of rapids 
where the slope is greater and where the erosive action of the river, 





1 Dr. W. Г. Hume. 

2 Есу мал Irrigation, p. 3l, 

3 Dr. J. Ball. The Geology of the Aswan Cataract, Survey Dot. Cairo (in th?» ress) 
4 Ihe Nile Reservoir Dam at Aswan, Lodo 1901, p. 7. 
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Nr 1878 187%) 1] 880 1551 1882 18583 
From .. .. .. ..| May 10) May 19| May 10| May 19| May 8| May 19| May 19 
lO .. .. .. | Oct, 151 Oct, 20) Oct. | Oct; 29| Oct, 29| Oct. 29] Oct, 29 





These were 11terrupted by the Mahdist revolt, and were not resumed 
uitil 1900, from which date they have bee: recorded daily throughout 
the year up to the preseit time. It has 10t beer possible to determiie 
the site of the old gauge of 1869-83 with sufficient accuracy to refer the 
readiigs of the preseit gauge to it. The gauge 11 use today is opposite 
the offiee of the Departmeit of Works o1 the left baik of the Blue Nile 
about 4 kilometres upstream of its juictioi with the White Nile (see 
Plate XXXIII) and about 3 kilometres below the poiit where the 
discharges were факел. Its zero was fouid to be 3691 metres (1213 
feet) above Suaki1 sea-level accordiig to the receit railway survey, or 
91 6 metres (1233 feet) above the Mediterraieai sea-level according to 
the railway survey from Wadi Halfa to Abu Hamed. Previous levelliig 
had given 378 metres for the altitude of Khartoum,’ appareitly for the 
ge1eral grouid level, probably based on a lie of levels carried by Ismail 
Pasha el Ке]аК1, the astronomer, from Suakii to Sheidi, by which he 
determiied flood level of 1866 at Sheidi to be 363:23 metres and the 
low stage of 1867 to be 35476 metres above sea-level. The railway 
liae here according to the railway levels is 371'5 metres (1218 feet). 
From these somewhat discrepait data it seems very probable that the 
true level of the zero of the gauge is 10t far from 370 metres which 
is the value which the Irrigation Department has assumed for the 
prese it. 

Kise at Ahartoum.—At Khartoum the rise commences quickly ; for a 
few days the gauge shows a slight i1crease, and thei rises steadily. In 
most years there are small rises and falls which interrupt the steady 
rise, due to variations 11 the volume of water poured 11 by the differeit 
tributary streams 11 the upper reaches of the river. [1 the mean curve 
акел from fourtee1 years (1869-83), Plate XX X V these irregularities 
do 10t appear, aid asteady rise is show1, which varies from ore metre 11 
fifteen days at first to оле metre ii te1 days at the eid of July. 1 the 
middle of August the rise becomes slow, and the flood stage is reached 
usually at the eid of the first week 11 September. The fall ther 
commences, and by September 20 is well advaiced, the gauge falling 
a metre 11 about sixteei days. 





аа — | 


1 Tissot "Statistique de l'Egypte,” Cairo, 1873. 
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Similar meai gauge curves are given 01 Plate XXXV for Wadi 
Halfa and Aswai. Though these аге 10t for the same fourtee1 years 
as the Khartoum curve, all the three probably differ but very little 
from the true meai curves, and may be compared with ore aiother 
without 11troduciig ary error. They are similar in белега! character, 
but differ somewhat in the shape of thecurve. While the Khartoum 
curve rises at олсе and with a fairly regular i1crease, those of Wadi 
Halfa and Aswan rise very slowlv for the first three weeks, and then 


à more rapid rise takes place. 
This is clearly show1 11 the followiig table, аке from the meai 


Curves .— 





Ris2 of meai gauge at— 











Days after | 
Мау 20 TT ا‎ Wadi Halfa и" ages Шш 
metres metre | metres metre metres metre 
10 0* 47 0* 47 (1.00) 0* 00 0*00 0700 
20 1:01 0754 0°10 (°10 ооз 0°08 
30) 1'51 0* 250 07 30 0* 20 0* 30 0* 22 
40) Dom) 0* 74 ШЕК 0:55 ШАП 0* 26 
90 3°10 0.82 1523 0* 50 1:55 ТЫЯ 


The delay of the rise at Wadi Halfa is due to the amount of water 
which is taken up by thesaidbaiks and the low shallow reaches betwee. 
the cataracts whei the flood first comes dowa. | About a moith's delay 
is caused by this together with the move of the flood-wave from 
Khartoum to Aswan, before the flood can be said to be rising rapidly 
at Wadi Halfa, where the first rise is felt appareitly about fifteen 
days after the rise has commeiced at Khartoum. The fall begiis 
at Khartoum about September 20, and at Wadi Halfa and Aswan a 
few days later. 

The fiftee1 years of gauge-readiigs at Khartoum from 1869 to 1883 
do 10t cover exactly the same period of each year. Though 11 tei years 
the readi1gs begin o1 the Sth, 9th, or 10th of Мау, 11 the first five years 
it is not uitil the 18th or 20th, while they eid ол various dates from 
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September 5 to November 8. It is 10t, therefore, quite certain that the 
absolute lowest reading of the year is recorded ; but 11 all cases the 
lowest reading given must be very iear it, while 11 every year except 
1869 the maximum can be fouid without any doubt. 


The followiig table gives the lowest and highest readings recorded, 
together with the гале for each year : — 


Year са | wet e 
mn metres metres | metres 
1869 5°44 13* 50 8°00 
1870 5°40) 13°32 £*92 
1871 0°48 13*00 6752 
1872 O° 52 13:3] 0 * 6t! 
1873 6* 45 12°42 7° 4 
1874 6*51 13°77 7.20) 
1875 6*48 Io 0°77 
1876 0°48 13°50 7°Q2 
1571 6* 52 11*74 5°20 
1878 O°) | 14°06 1°51 
1879 7°93 13°32 3°39 
1880 2'82 12*80 6°90 
1881 3*0 15*23 1*51 
1802 7°44 12*64 1.20 
1883 2۰02 13°34 7°42 
Means 6* 20 13°14 06°88 
1900 t —(*48 +6°27 6* 725 
1901 —(0*08 4-6*10 6*18 
1902 —0*10 + 50°50 5.60 
1903 —4)* 20 + 6°20 6°46 
1904 —0*01 + ә°64 2° 02 
1905 —0*22 +5° 04 9*19 


Dr. Perey’ gives the meai raige of the Nile here as 6 metres as the 
meai of te1 years’ observatiois betwee1 1840 aid 1860, but this would 
seem to be too low a value. 

The Nile isat its lowest at Khartoum i1 the middle of May, just 
before the White Nile begiis to rise, and wher the Blue Nile flood has 
10t yet arrived. For the tweity-o1e years 1869-1883 aid 1900-1905, 
the average date of the lowest gauge-reading at Khartoum was May 11 ; 


the extreme dates being April 16, 1900, aid Мау 29,1882. 


1 А different gauge. 
` ? Bull. Soc. Geog., Paris, July. 1863, p. 33, 
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The highest level at Khartoum is usually reached early 11 September, 
the earliest datei these years being August 16, and the latest September 
29, 1881, whei the Abyssiiiai raiis were uiusually proloiged, though 
they were 10t heavy. The meai date for the maximum deduced from 
these years is September 6, and the meai deviation from this date is 
tei days. 

Date of lowest 


Differeice from 


Date of highest Ditference from 


readiig meni date reading meai date 
1869 May 19 + 8 Sept. 5 — 1 
1870 » 20 + 9 Aug. 17 — 2() 
1871 z 17 + Û 10 —2] 
1872 э 8 — 3 sept. 6 0 
1873 » 12 + 1 - 9 0. 10 () 
1574 »5 8 — 3 е 1,5 — 2 
1875 » 8, 16, 25 +14 - 20 +14 
1576 55 8, 21 +10 1? + 6 
1871 » 10 — 1 Aug. 29, 30 — 1 
1878 - 10 — 1 Sept. 21, 22 +16 
1879 » 10 — 1 " 9, 10,11 + 4 
1880 - 13 + 2 з 23 +17 
1881 5 20 + 9 " 29 4 23 
1882 т 20 +18 Aug. 23 — 9 
1883 is 24 +13 sept. 11 T» 
1900 April 16 —25 Aug. 17 —20 
1901 5 18 —23 Е 1, 20 —11 
1902 May 6 — 5 М 14 + 8 
1903 5 15 +4 „ . 4 — 2 
1904 » 10 — 1 » 11 — 20 
1905 - D — 6 ept. 6 0 


Mea date of lowest reading, Мау 11. 

Mea date of highest readiig, September 6.' 

Mea variation from date of maximum, tei days. 

Whe: the readiigs of the Dueim gauge and the Khartoum gauge are 
compared they furiish an instructive picture of the 11teractio1 of the 
Blue and White Niles at their juictioi as showa in the followiig de- 
scription. 


{ This date is takei from the meni curve, Plate ХХХ\, 
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The interaction of the Blue and White Niles.'—In an 
extremely 114егезИ 1 g and iistructive paper Tommasini’ has discussed 
the discharge curve at Khartoum with refereice to the discharge for- 
mula based o1 Kutter's expression” for the meai velocity in terms of 
the slopeand hydraulic meai depth. The decrease of the discharge 
correspoidiig to а руе gauge-readiig o1 the ebb of the flood as 
compared with that correspoidiig to the same readiig o1 the flow he 
attributes to the decrease of the slope o1 the ebb. 1 symbols, if F 
and Е represeit the discharges о1 the flow and ebb respectively, which 
correspoid to the same gauge-readiig, and therefore to the same 
hydraulic radius 7, aid if s and s° represeit the slopes, the 


F = Сув, 
Е = yrs 
Aid siice C aid С’ may be take as approximately equal 
F:k=Ys :Vs 
In the following table two pairs of discharges of the Blue Nile taken 
o1 the flow and ebb are compared : 


GAUGES 
cl «a ge 
z T Di, Һа. Meni Зое Vs 
Se dE Wad | 
Khartoum Medani 


a—sm—r—n———— r 


m——————áÀ | — ——— —————— D e—————————m ЁЁ y | с-на ج‎ 


metres metres 


10 | Aug. 1, 1902 3420 3°34 7°56 | 1: 10400 | 1:102 
12 „o 15 وو‎ 4720 4°50 8:960 | 1: 10200 | 1: 101 
19 | Oct. 3 ,, 4380 3°03 9°70 is i 

20 m M. ж 3250 4°45 8°00 is | 

22 „ 2h وو‎ 2050 3°40 0°78 , 

23 = ж 1244 3°00 0°04 | 

90a | (, 1 у) 3390 4°50 8:02 | 1: 10600 | 1: 102 
233a | (4, 25,  ,) 1912 8.54 6:08; 1: 10000 | 1: 101.5 


t By Mr. J. I. Craig, Chief Iisyector Survey Depart at, 
? Delle Scale di Deflusso, © Ann. Soc. Iigegieri e Architetti Italiaa," Rome, 1905. 


3 r= C (rs) where С = (23 + :00155/s + 1/0) / [1+ (23 + -00155/8) n / /r], n being а constat 
ее АЕ on the rough ess of the bed, the value of which for the Nile may be taken as * 02. 
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begiis to hold up the main river, so that up to D, there may eve1 be 
diminished discharge with i1creased gauge-readiig. At В the tributary 
has already begui to ebb and the discharge goes ол 11creasi1g, еуел 
though the gauge falls, up toC, whei a temporary maximum is reached. 
To D the discharge and gauge fall together, and at that point the effect 
of the tributary ceases and the 1ormal discharge curve is resumed. 
Local circumstances may modify the shape of the loop i1 a1 infinite 
variety of ways, but its esseitial features remaii the same. 

Tommasini has show1 how this gives an adequate explaiation of the 
behaviour of the White Nile at Dueim uider the influence of the flood 
ол the Blue Nile. It is proposed to show that a similar explaiatioi 
attaches to the pheıome101 of the ebb on the Blue Nile as affected by 
the flow o1 the White Nile. 

The case is exactly the coiverse of that just illustrated. Were the 
White Nile abseit, the discharge curve for the Blue Nile would have 
a form a1alogous to that show: by the full lire ii the diagram (Plate 
X XV), where the discharges o1 the ebb are about 3% less thai those 
o1 the flow." If we coisider, however, the effect of a tributary coming 
dow 1 11 flood whe the maii river is fallig we shall geta curve similar 
to that 11 fig. 1 but traversed 11 the reverse direction, except that the 
upward direction of the part from D to С will be impossible, si1ce hold- 
iig up will 10t cause the maii river to discharge more. The shape of 
the loop would therefore become somewhat similar to that i1 fig. 2. 


Discharge 





Gauges 


From D to C, the tributary is rising and causing the maia river to 
rise with it up to a maximum gauge-readiig at C. From С to D, 


gauge and discharge fall together, though 10% equally, and from В the 





| In the diagram the differeice ix rather more thai 39, 
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curve may take ату of the directions BA, ВА, ВА, according as the 
effect of the tributary dies away more or less rapidly. Оп the other 
һала if the tributary does 10t rise more rapidly thai the malı stream 
is falling, the effect at D will be that золе of the loop hes to the right 
of that point. А large reservoir o1 the tributary, just upstream 
of the juictioi, would cause the are D to C to гил perpeidicular to the 
сапре-ахіѕ u1til the reservoir begai to fall, and this part of the curve 
would be useless for gauging purposes, except as giviig limits to the 
discharge. 

Now this 1s exactly the case of the White and Blue Niles after the 
latter has begun to fall. For, as will be showa later, between Dueim 
and Omdurman we have a reservoir storing some 1500 million cubic 
metres of water at the time the Blue Nile is at its highest. Ала fur- 
ther, owing to the lateiess of the flood o1 the Sobat, the White Nile does 
not reach its maximum discharge till some two or three months after 
the Blue Nile has begun tofall. From these two causes combiied, the 
10rmal braich of the discharge curve at Khartoum o1 the ebb will be 
modified by the attachmeit of a loop o1 the right, as has just beei 
explained, and the discharge curve will take the shape showa1 by the 
dotted lire in fig. 2. 

We may now coisider the effect of the Blue Nile o1 the White 
Nile. The levels газ by the Sudai Irrigation Department give 
the altitude of the zero of Dueim gauge as 372°0 metres, if that of 
Khartoum gauge Бе take at 370:0. The mear slope of the Blue Nile 
is about 10 ceitimetres per kilometre or 1 11 10,000 and the gauge is 
some 5 kilometres up-stream of the juictioi with the White Nile at 
Omdurman. Нелсе the fall of the water surface to the juiction will 
be 0:5 metre. If ел we plot the Dueim aid Khartoum gauges agaiist 
the time, but add 2:5 metres to all the former, we shall have two curves 
giviig at each date the differeice of level betweei the water sur- 
faces at Dueim and Omdurmai. This has bee1 dore 01 Plate XX. 
It should, however, be meitioied that up to April 1903 the Dueim 
gauge coisisted of a movable vertical scale, the position of which 
was chaiged from time to time as the water rose or fell. No regular 
refereices to a beichmark were made, and the recorded absolute 
heights of the water surface in the first two vears have 10t the same 
accuracy asthey now have. 

Appareitly 11 1902 the zero of Dueim gauge was 1°4 metres above 
that of Khartoum, while iı 1903 it was 1:5 metres. We kiow from 
other data that 11 the former year the Blue Nile begai to affect the 
White Nile at Dueim, 11 the marier about to be described, about 
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August 8, while 11 1903 the date at which the effect reached Dueim 
was about the eid of July. We should therefore expect the curves 
to become coiicideit or iearly so about these dates, and they have 
accordiigly bee so plotted. 

The action of the gauge at Dueim may best be described by 
taking 1905, the first year 11 which accurate data as to gauge 
levels are available. Duriig the low stage the White Nile is the 
domiiait factor. This is showa 11 several years by the reproduction 
of several temporary waves at Khartoum from two to three days 
after they have passed Dueim. Аз soor as the Blue Nile begiis 
to rise, the lower part of the basia which lies between Dueim and 
Omdurman begiis to rise with it, and a part of the White Nile 
discharge is used up In this process. Gradually as the Blue Nile 
rises, more and more of the basin is filled and a greater proportion 
of the Dueim discharge is utilized. Whe the Blue Nile has riser 
2-5 metres at Omdurmai (2 metres at Khartoum) more thai the 
White at Dueim the basii is flooded with what is practically a level 
sheet of water. The flooded area exteids till the Blue Nile reaches 
its maximum gauge, at which point some 7500 cubic metres per 
secoid of Dueim discharge аге being utilized 11 filling the White 
Nile valley and for replaciig the loss by evaporation over the 
surface of the basin ; the 1et discharge above Omdurmaa siiks to 
about 300 cubic metres per secoid. As the Blue Nile falls, the 
basin begins to empty and the slope reasserts itself. 11 the теал- 
time, however, the White Nile upstream of роет has beei slowly 
but steadily rising, aid от the first gradual fall of the Blue Nile after 
the maximum, this rise is felt at Dueim, as will be observed in 
almost every оле of the curves o1 Plate ХХ. The Khartoum gauge, 
however, soon begiis to drop rapidly and the correspoiding fall 
11 the База level reaching to Dueim masks the rise due to the 
upper White Nile flood, which is oily evideiced 11 the more 
gradual fall of the роет gauge. The rate of emptying the basia 
appears to reach a maximum about the middle of October, whei an 
amouit of about 220 metres per secoid more is passing Omdurmai 
thai Dueim, 11 spite of the exormous loss from evaporation. Although 
the discharge at the latter place coiti1rues to 11сгеазе uitil about 
November 20, owiig to the fact just meitioied the chief coitributior 
of the White Nile to the combiied river occurs about five weeks 
earlier. 

To get a more accurate estimate of the part played by the Dueim- 
Qmdurmai basii, calculations of the amouit of water stored 11 the 
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TABLE OF CONTENTS AND DISCHARGES OF THE Durim BASIN 








LOSR BEFORE 


z а = 2 
= 2 : ә Е p ЗЕЕ E 5 А ÜSDURMAN DIS^flIARGCES 
DATE ЗЕЕ | 523 | = ee | £23 | Июля : Dueim | U erman) Вне Mle | тотАт. 
я = | РЕЯ | + Е | ЕЕ n? га ei г m? np m' < 
4 => Б == per day RISUS per sec. | per sec. | per sec, | per sec. 
1903 
МӘР ee | Teo ат 28 ааа +a) 430 | 40| 60 | 480 
"5 1х 99.9| + 2'2| 2:7 | + £91 +4 57| 440 3«0 0 381) 
" اه‎ 194 151-5 +12-9| 2.3 +15:17) -+183| 490 310 luo 500) 
js 10 dM S 198 010۰8 + 5:9] 99 + 33| +103) 585 180 (ey) 1330 
230 12 ° 203 24-8! + 8:0| 3*0 [| -ll-0| 4128) 650 820 | 1030 | 1550 
"o 0. 201 273-8 — 1.7] 30 | + 10:3 15| RIO 807 | 1150 | 1950 
July Io! 208 391-1 411] 30 |414: 4-171 RGO 600 1500 | 29190 
) 20 E е 210 ATG- S + 86| 32 |+1:8| +138| 0 690 | 2170 | 2860 
* 30 . —. 242 | 601-3 J-12:8| 3:4 | 416.2] -+1x9| 800 610 | 3100 | 3710 
Aum. 9 AES. 204 "P +З 4-1 443-2) +501 768 260 | 6640 | 6900 
9 9 0 7 349 1251-3 -35*:9| 4*3 4-30-7| +358) 560 200 | 9340 | 9540 
" 099 7 '"'| озо [ups ТЇЗ? £92 | 429] 424) 660 $20 | 9230 | 9950 
Set B v зто | дво] ЖЗ! ° | 410-5) +122) 580 460 | 8260 | 8720 
У 8 | 337 1300-3 —lnr3| 5.5 |—47| — 55| 670 720 | 8760 | 9480 
" os .. .| 356 lieu) OO 54 [+5 +63] 770| 710 | 8520 | 9330 
Oct 8 EE Чоң 1151-4 —3(*90| 5:1 —15:8j —184| 1350 | 1530 | (6460 | 799) 
у 14 e 097 | Өр}; —20:7; 4:7 | —16-0: —177| 1580 | 1760 | 4780 | 6540 
"ә = 234 | акр. 77 6:0] 4:4 | — 1:6; — 19| 1570 | 1590 | 4200 | 5799 
Nov. 7 .. UTE gga | agg 716055 £10 | 1279 —145) 1568 | 1710 | 2630 | 4340 
407 25 237 571.1 С 3:7 | —10:9, —127| 1600 | 1720 | 2030 | 3750 
"у; о 921 501-1 — T:3| 3:5 | — 3.8 — 44) 1650 | 1690 | 1400 | 30:70 
Dec. 7 .. | 910 4120 -6 — 81| 3:2 | — 4:9] — 55| 1550 1700 | 1200 | 92un00 
, 17° B 907 | 372:2| 7 +8 3.1 — 1°7| — 20 1430 1450 920 | 2370 
OD 506 | 330-11 ^7 2:21 3.1 + 0:9] + 10| 1403 1390 750 | 2140 


Differeiciig gave the iicrease of volume per ten days, wheice the 
теа 1 iicrease per day 11 the interval followed (Col. +). The effect of 
evaporatioi is always to deduct from the Dueim discharge. The daily 
amouit, based ол an assumption of 10 mm. daily, which is about the 
value at Khartoum deduced from five months observatiois with a Piche 
evaporimeter exteidiig over the flood period 11 1905, is giver in 
columi 5. The ext columi gives the meni daily amounts thus lost 
(or gaiied where the sign attached is —) at Omdurmai and columi 7 
the correspoidiig amounts 11 cubic metres рег secoid. Columi 8 
gives the Dueim discharges got from the observed figures by inter- 
polation and columi 9 gives the derived discharge at Omdurmai. 
The next two columis give the Blue Nile discharges 11terpolated from 
the observed values and the totals of these and the net White Nile 
discharges. 

А compariso1 of columis 7, 8 and 11 shows that while the effect of 
the basi1 on the White Nile discharge was very coisiderable, that от 
the combiied Nile was iegligible. Further, it will be seen that the 
discharge at Dueim was more thai adequate to fill the basi in every 
11staice whei tei-day iitervals аге takeı. It might be that for quite 
short periods when the Blue Nile was rising rapidly, a stream flowed 


sj СЪ 
s ees 


from it up the White Nile, but the intruded water must quickly have 
bee1 swept back to the combined river by the steady flow past Dueim. 

The subjoined figure (fig. 3) shows graphically the computed com- 
bined discharge of Omdurmai agaiist the discharges actually measured 
at Леггет or Shabluka. The agreement is satisfactory except in the 
period from August 24 to September 23 when the Blue Nile discharges 
fell rapidly for tweity days and thei rose to maximum again. It 
appears that 11 this 11staice the discharges 01 the Nile are зеагег the 
truth thai those o1 the Blue Nile. There is 10thiig 11 either the 
Khartoum or Wad Медал gauges to account for а fall of such magni- 
tude 11 the volume passiig the former statio1. 


113. 8. 

Cub. m. = 

wur 1 | 1 T T T - 

11,009 
woof 1 1 I PN сч аш: тини эрин 
— — Ес 
осо рр MER EE ЧА —— 
——— Y 
4000 ا لي اال‎ 
sooo HN. IM EN А ИШЕ NM ИК 
wl ho 1 о гог 
exl L1 Ll | | Е 

d Lá LM 
MAY JUNZ JULY ALG. EXPT. OCT. NOV. DEC. . 


Earlier measurements.—U itil receitly the available determ11:- 
tions of the volume of the upper Nile in flood have 10t bee1 1umerous, 
and the measuremeits which had beer made did 10t agree well among 
themselves ; besides this, the proportion furiished 11 flood by the White 
and Blue Nile respectively was quite uicertain. Linant coisidered 
them at the eid of July to be practically equal; Peel made the Blue 
Nile to be double the volume of the White Nile at the eid of October: 
but all observers agreed in describing the Blue Nile flood as sweeping 
across the White Nile, and forciig its stream of whitish water agaiist 
the left Бал К, while the Blue Nile flood of muddy reddish water occupied 
the greater part of the chai 1el. 

The discharges measured by older travellers, together with those 
receitly obtained, comprise the data that exist at preseit for 


compariig the volumes of the two maii streams and their differeit 
tributaries. 


Discharge of the Nile at Khartoum.— [he first who measured 
the discharge of the Nile at Khartoum was Liiait de Bellefoids' 
who measured the White Nile on March 4 and the Blue Nile on 
March 5, 1822, giving as the combined discharge about 456 cubic 
metres per seco1d. 





Area of section. .. 282°8 Square metres 300°3 square metres = 

Mean surface velocity . || 0°51 metre per second | 0°44 metre per second 

Discharge.. .. .. ..| 297:2 cubic metres рег | 158°5 cubic metres per 
second Second 


MEME a White Nile, March 4 Blue Nile, March 5 


i РЕ ЕЕ ЕЕЕЕЕЕЕ а Е А-а ыы СЕГЕ ЫЫ Бы ы. e е NR RR NN sun Жа алаа аш s лы А 


In July, 1827, not 11 September as stated by Sir W. Willcocks? 
һе again measured the discharge, with the following results’ :— 





White Nile, July 26 Blue Nile, July 30 
Area of section. .. 3024*5 square metres 3288°1 square metres 
Mean surface velocity . oP 1°54 metres per secoid | 1°9 metres per second 
Discharge .... .. ..| 6043°7 cubic metres per | 6247°3 cubic metres per 

Е seco1d second 

| 





D m S7 





The combined Nile ear Alifun* at the eid of July, 1827,. gave— 


Area of section eese oss 0108272 square metres ` 
Surface velocity ... ... ... 1°72 metres per second 
| Discharge `... ... ... ... 12,000 cubic metres per second 


but of course 101e of these July discharges represeited the full flood. 
The discharge of the combiied stream below the juictio1 does vot 
appear to have bee1 separately measured 11 March. 
Petherick’ gives the result of measurements of the White and Blue 
Niles at Khartoum ол July 5, 1848.,whei he states the Nile was early 





aaa —жн- 


| Bull, Soz. Geog., p. £36, Paris, 1852. 

2 The Nile 11 1904, p. 42. 

з This must have beei below the ‘juictio: but today the,oily lace of this name is some 
kilometres up the Blue Nile. 

4 Bull. Кос. Geog., р. 436, Paris, 1852. 

ò Кау) and the Sudai, р. 330. Ediiburgh, 186]. 
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— 240 — 
depth as 8 feet, aid the greatest as 12 feet, the mean velocity as 5:69 
feet per secoid, and the width as 560 yards. 
This would теал a discharge of about 2000 cubic metres per secoid ; 
but this is too high a value for March, and may be rejected. 
I1 1876, other measurements at Khartoum gave the following results 
11 cubic metres per seco1id ':— 


White Nile Blue Nile 
МЕ Ош» de sm om r ®а ж 304 198, low stage 
june .. .. .. .. 2. а 1050? — 
September.. .. .. .. .. .. 4351.* 43958, * flood 
December .. .. .. .. .. .. 2720 = 


In April, 1883, both of the braiches of the Nile at Khartoum were 
measured by J. M. Schuver. * 

White Nile.—Take1 оп April 21,1883,200 metres above the Ju1ctioa 
with the Blue Nile, where the river was 1arrowed by an islaid. Above 
this poiit the river was 600-800 metres wide. 


Metres Metres Metres Metres | Metres Metres Ме{гех 


[лл cay rE Á— AE -——— | пни: D mom Û MN EL 
—————A—X—X Û ————— — — 


Distance from east bank} 307 23° 
Depth © ә e 9 e 9€ e è 0*5 ر‎ 


= I Е ИЕ А Gmel Vg ig ám E -———————— Шина 


| 500) 94°0 | 10870 | 135.0 | Io5*O 
5 4°Q 0"5 $2 4*0 


Area of section = 524 square metres, while the velocity was 100 metres 
in l miiute 10 зесо 14$ = 1:43 metre рег secoid. Discharge 2750 cubic 
metres per secoid. 


Blue Nile.— Таке ол April 21, 1883. Of the total breadth of 320 


metres, 140 metres was water and 180 metres saidbaik. 





Metres Metres Metres Metres Metres 





Distance from north bank .. 20*0 50*0 (0*0 00*0 120* 
Den ss a Ge e CERO э 4*0 11:0 6° 1 





t Chelu, “Le Nil, le Soudan, l'Egypte," p. 38, Paris, 1891. 

* This value is too high. 

3 Much too low, as in 1876 the Nile was above the average in Sejteniber. 
4 Pet. Mitt, 1532, р. 268. 
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DISCHARGES OF THE COMBINED Brus AND Write NiLE—(eontiiaed). 


е e i me و‎ s a RE MINI aT A —— c Rege " LLL d a = ien РА РА РЕҢ reat ee a ee 


Date 
4903 
Feb. 3 
Mar. 2 

. 230 
May 24 
June 20 
July 4 

» 19 
Aug. 6 

„ 2? 
Sept. 2 

» 10 

2 4) 
Oct. 14 

a 20 
Nov. 14 


Dec. ] E E. 


Width ! 


200 
22 
215 
218 
411 
515 E. 


288 \. 


045 W 


; 365 E. 


314 
ЗЗА 
202 
ost 
256 
16 
BOS 

. 403 E. 
370 W. 


SII W. 


10°70) 


| 633 


Kerreri. 
Men) Sectional Menai 
de yth area Velocity 
ПЕ т. р. 5 
351 1025 0* 704 
2° 0 NS- 0* 751 
№ (ol 0* 630 
2-18 812 0* 250 
d) 1545 1°32? 
FD 1010 1*208 
“11 AUN 0* 562 
00) 2125 ]: 3216 
(3 | 537 0° 740 
ShablukEa. 
S° 9G 2254 1°76 
4315 2*1525 
2318 1°45 
2202 1°30) 
4905 1.032 
4010 1*255 
4153 1*175 
Kerreri. 
6* 06 2360 (0* 823. 
оем 102 (3° №02 
4,01 1808 0* 182 
]*56 0* NOÍ 


риши: 


Discharge 


69581 
0820 
10451 
10433 
8203 
6164 
4948 


2008 ê * ^) 
vae еМ 
642 | 019 


INS ans 
530 259% 


Khartoum 
gauge 
on date of 
obser vatio 1 


(1.62 
0*21 
—0*11 
+01? 
1°85 


1.95 


2*1.) 


e 
“= +1 


hæ ыы ال‎ tS Ud 
Ф а а e e а 
ات 1~ مم‎ 2 5 

ES. лишь, Wo. ъ . ть. Bs =. 
ч» ғ wu! wi ب‎ чь» б we | 


3°05 


2°40) 





At Berber gauge readiigs were made 11 1880-83 from June 11 util 
October 9, and again from 1900 to the preseit time; the highest and 


lowest readings being : 





Year Lowest guuge vidiig Highest gauge Reading Range 
metres date iet res date metres 

133) 6* S5 June 12 13:15 Aug. 23 (07 
1881 |. 6:73 s 10 14°56 Sept. 15 7°33 
1882 |: 5-65 . Ш 12°59 Aug. 20 724 
1883 | 6° 04 ll 14°13 Sept. 11 (43 

Readings were resumed on May 4 1900 but are not referable to the earlier ones. 

. 1900 0°41 May 47 TOT Aug. 17 T26- 
1901 0:63 April 15 UNT „В (21 
1902 001 ‚. 0200 102 sept. 11 (744 
1908 (Y 12 May 9 NIO A us. 22 СЭМ 
То (004 15 ТХ Sept. 7 6-04 
1905 0°61 4. H C33 s de 6.66 


| 


| E = east cha el. 


W = west .channel. 
? First observatio) taken. 


ب 


‘The газ ре giver for the years 1880-1883 is less thai the true оле 
as on the dates (after Jure 10) that the readings were made the river 
at Khartoum had already beer rising for some time. : The date of the 
highest flood ofte1 precedes that at Khartoum on accouit of the Atbara 
reachiig its maximum before the Blue Nile. Its rapid rise, pouring 11 
a considerable volume of water, which i1 good years. probably reaches 
4000 cubic metres per secoid, raises the water level aid reduces the 
water slopé up-stream of the junction, so y that i in'a recent flood 16 was 
found to be about 1 1n 12,000. 

Ihe volume of the Nile is here at its maximum after receiving its last 
tributary the Atbara, aid in 187 6! discharges were measured at Berber 
but the loss of all.information about the méthod of determiiiig the 
volume passing, the frequeicy of the observatiois etc. makes them of 
small value: 


Mean discharge 


Million of cubic! рыс metres 


metres er day 


yer second 

dan. Joe, Dss ac demo ae oe sp жа 1,578°5 589 
Feb. 15—Mar. 15... se .. .. 01 eo ве 1.367°3 345 
Мать 15—3pDl15.. ss мы sr ле or 3 2.649 * 1 978 
Apnlloó—May 15.. ss ss .. oa de .. 20,9909) 1,314 
Мау 15—June l5... .. ооо oer в. 7,203°7 2.100 
June 15— July 15.. .. .. .. .. .. 10,3730. 4.192 
July 15—Aug 15 22.401*1 8.470 

Aug. ló—Sep. 15 28,082*T 10,069 : 
Sept. 15—Oet. 15 19,253*8 1,430 
7^ Oct. 15—Nov. 15 ` 16,409°0 6.130 
Nov. 15—Dee. 15 9,590 0 3,700 
' Dee. 15—Jan. 15 4.3540 1,626 


‘Ii compariig them with those take: at Khartoum (Ch. УГ) the 
values, especially those for March, April, May aid Јале, are far too 
high aid those of the flood diverge greatly from those deriv «d from 
the rauge readiigs at Aswan. : 

E Berber to Abu Hamed receit levelling gives 1 11 7,000 as the 
average slope at low stage the steepest being 1 ia 1,840 for the 13 
өйөөн which comprise the fifth Cataract. 

Below Berber no measurements have bee1 made util Sarras is reached 
except at Kaibar cataract where Gottbere" gives the low stage discharg 
11 1857 as 525 cubic metres per secoid. 


m = ee = = س‎ — 


l Chélu, cit. loc.. p. 37. 
2 Loc. cit, р. 53. 
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At Darras 11 Jure 1905 a gauging station was established aid a series 
of discharges were taken at a point 48 kilometres from Wadi Halfa 
where the river passed though a rocky aid somewhat arrow chai ле! 
(Plate XAXIVO). The work of this first season was maiily of ал 
experimental character as the 1ecessary equipmeit for work 11 such 
deep aid rapid water was 10tready before the flood rose. Observatiois 
were taker from May 14 uitil August 20 whei the steel hawser was 
carried away aid could 10t be replaced uitil the river had falles. After 
July 21 it was fouid impossible to souid accurately with the ordinary 
souidiig lire aid the wire souidiig apparatus 10t having beer received, 
the depth after this date was obtained by addiig to those measured 01 
July 21 the rise of the river as recorded 01 the gauge. This assumes 
that the bed did 10% change but this is very doubtful as although the 
sectio1 1s wholly 11 rock the passage of said waves dow the river must 
chaige the area of the section from time; a1other year’s work is necess- 
ary to show their value. Work was recommeiced оз December 7 aid 
coitiirued regularly from that date. 


VOLUME DISCHARGED AT SAnnAs 50 KILOMETRES UP-STREAM OF WapI-HALFa- 


- | | - GAUGE 
ean Nectiona ean м 
Date Width depth Abe Velocity Discharge 5 Haifa 
"ATUAS |1 day later 
1905 metres metres metres m. р. 6 им р, 8 metres m. 
May 14.. 165 | 12-9 | 1982 | œB | 617 | 0:63 | 1-00 
c alas we 165 12*5 2066 0* 221 601 0*51 0,97 
June 8.. ..| 165 12.9 2195 0 281 597 0:52 0°92 
м 2e 165 13:4 2206 0*31: G1 0*83 1*11 
Jily 4 165 13°7 2262 0* 373 820 1°52 1:51 
» 8 165 13°7 2268 0* 432 907 1:95 175 
„11. 168 | 14:0 | 9317 | 0-449 | 1041 | 2:16 | 1°85 
Jily13.. 108 | 13-9 | 9342 | 0494| 1156 | 229 | 1°88 
as п 168 | 14-1 | 2366 | 0°565 | 1338 | 3710 | 9°36 
„ 9]. 168 | 15-9 | 2562 | 0:554 | 1439 | 3-38 | 2°49 
5» Ai 226 2916 0° 656 1915 4°15 2°90 
Aug. l.. 941 3198 | 0:796 | 2572 | 5°68 | 392 
QR. 241 * 3567 | 0-930 | 3308 | 630 | 4°20 
» ۰ 217 Йй 3936 O°990 | 3512 b° 0:) 4°98 
, 14 246 и 3724 1:129 | 4207 7°42 9 * QU 
» 14 249 Y 4053 1:369 | 5550 8°56 2°63 
„ 20 250 * 4564 1°660 | 7577 915 6°87 
Dec. 7 173 * 2154 0:770 | 2114 4° 65 3°08 
» 10. 171 16'1 2687 0*790 | 2132 4°50 3°05 
‚ 15. lil 10.4 2720 0*720 | 2021 4* 45 2°08 
e 16. 170 160° 2112 0*740 | 2020 4°46 2*5 
» 20. 170 10°1 2011 0*710 | 1904 4°38 PA. 
‚ 22. 170 16*0 2668 0*710 | 1898 4°36 2°88 


* On these dates sounding was not jracticable so discharge is calculated on an ay yroximate 
mean depth obtained by adding rise of water level to the mean deth found on July 21. 
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VOLUME DISCHARGED AT SARRAS 25) KILOMETRES UP-STREAD OF Wapnpi-HaLrA 





(continued ). 
GAUGE 
Date Width Mean Sectional Mean — | Discharge Halfa 
Depth Area Velocity Sarras |, bo bin 

1906 metres metres metres m. p. $ m3 p. 8. metres m, 
Jan. l.. .. 170 15:5 2579 0° 630 1570 2:09 2*69 
4 б....] 10 | 154 | 2566 | 0:610 | 1567 | 381 | 2°56 
ж ua =. 168 15'4 2542 0*560 1431 3°70 2°50 
oe Мр жа 168 15'4 2543 0* 590 1525 3°66 2°43 
c Ekos же 168 15:2 2524 0*610 1548 361 2°45 
oo Ides жа 168 15:2 2521 0* 51/0 1441 ^32 2°45 
2065 ws 165 12°] 2507 0:560 1403 3°46 2°38 
„ 93.. ..| 108 | 15:0 | 2495 | 0°530 | 1323 | 3:35 | 23? 
a Owe же 168 15*^0 2491 0*570 1423 3°32 2°3? 
> 21. ..| 168 | 15:0 | 2495 | 0°550 | 1302 | 3:32 2-30 
9 HO. us 167 14°9 2466 0*540 1333 | 3°27 2°26 
Feb. 1.. ..| 167 | 148 | 9461 | 0:540 | 1316 3:21 | 223 
4 5... 166 | 145 | 2414 | 0:500 | 1910 | 3-05 | 2:17 
„ы on | 166 14°45 2403 0° 534 1210 ; 2°93 9-11 
„о Gee eet 165 | 14:42 | 3399 | 0:479 | 1149 | 290 | 2-03 
ll.. " 165 | 14-69 | 9416 | (471 | 1137 2°86 2-09 


а) 


The preseit river gauge at Wadi Halfa was built 11 1890, and daily 
readiigs exist from the begl1 111g of Jaiuary, 1890, tothe preseit time. 
Now that the reservoir at Aswa has Беел coistructed, the readiigs of 
the gauge o1 the islaid of Elephaatine 10 loi ger represeit the true rise 
and fall of the river aid coisequeitly the Wadi Haifa gauge is of 
11creased importaice. [he meai 3-day readiigs are give: in the follow- 
iig table as well as the differe1ces of each such period from the meai 
for the 15 years 11 order to show readily whei the river supply was 
above or below the 1ormal. [1 coisequeice of the great уагайо1 
of the river level from year to year the meai values obtained from 
15 years observations oily give an approximation to the логта] 
levels, aid the probable error 11 them varies from about 0°20 metre 
at low stage to 0°60 ог 0°70 metre at flood stage, so that a coisider- 
ably loiger series is 1ecessary to obtai1 meai values of a higher 
accuracy. This is the first gauge below Khartoum which has been 
observed daily for a series of years, and which therefore records the 
level of the whole volume of the Nile; this 11 the flood ѕеаѕол is the 
total run off from the Abyssiiiai plateau siice, as we have seei, the 
coitributio1 of the White Nile is 1egligible. 
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Le.1 | 6b.1 | $0.т | o£.x | vtz.x | (т.т | vS.x | 11.1 | 16.1 | єз. | VE.c | ZS.1 | 95.1 | $6.0 | ¿r.z | 28.0 Jor-o 

20.1 сь т | 66.0 | /т.т | 6z.1 | до.т | 59.1 | 91.1 | 16.1 | 63.1 | ot.e | 99.1 | 29.1 | 88.0 | 25.1 | 14.0 |G -I } 

ob . 1 g£.1 | 66.0 | 91.1 | SE.1 | go.x | Ze.r | 91.1 | 6g.r | 88.1 | 9.2. | 49.1 | oZ.r | 8.0 | E.1 69.0 |I£-96 

It.1 Р.т | 96.0 | ос.т | 88.т | $6.0 | €S.1 | (т.т | 88.1 | 26.г | vb.c | 99.1 bL.x | 98.0. | ££.1 | 9.0 195-15 

Eb .1 te.rloo.x l Sz.ı | E&i | 6 .о | Д.т | 61.1 | 6g.1 | 66.1 | Eb.z | 99.1 [-cg.1 | Z6.0o.| 85.1.| 89.0 05-91 ew 

£b.1 №.т | g6.0| zz.1 | gz.1 | $6.0 | gZ.1 | ёс. | 06.1 | zoz | ОЎ. 19.1 | 16.1 | £6.0 | Sr.1 | 29.0 [|CT-TI | 

cb .1 25.1 | 96.0 | 91.1 | тг.т | 06.0 | 19.1 |-95.т | 96.1 | 26.1. gE.z | bS.1 | 50.5 | $6.0 | Si.1 | 29.0 [ОТ—0 

Gb.1 т©;т | 46.0 | oz.1 | $0.1 | б.о | 48.1 | Sz.1 | 86.т | 46.1 | Оў. | 25.1 | ve.c [6.0.| 6r.x | 9.0 |G -T | 
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06.1 og.1 | 1£.1 | o€.1 | 1ў.т | 90.1 | /9. | $9.1 | SS.z | gh.z | 90.Е | 8.1 | 81.8. 16.1 | bv.1 | 91.1 [Cc- Ic 

46.1 69.r | rb. | 9,1 | ge.x | до.т |-o2.z | Ф/.т | 24.2 | 05.2 | br.€ | ©б.т | зі. | 55.1 | 25.1 | oc.r [OR T€ 

to.c 16.1 | ze.r | в.г | €S.1 | 11.1 | vg.e | 64.1 | 998.5 | eZ.e | gr.€£ | zo.z | €z.€ | /д.т | SS.1 | 6z.x |61-1] TAA 

Єт. | tr.z| 6.1 | 15.1 | 19.1 | 91.1 | 16.2 | 6g.1 |. £6.7 | 98.2 | gz.€ | с.с | ог. | 84.1 | 19.1 | 58.1 [01-9 

12.5 ©. | 95.1 | 95.1 | 69.1 [| 5.1 | 66.2 | 96.1 | 66.2 | t6.z | PELE | bz.z | 95.8 9g.1.] €g.1 | ЗЕ.т |< -I 

92. Ӯ Е.с | 59.т | 65.г QL.I o£.r | to.£ | So.z | 90.8 | zo.€ | оў.©Є | 268.5 | 65.8 | 26.1 об.т |4 .r 52-05 

96.5 |b .z | 99.1 | tg.x | =8.1 | 08.1 | 50.8 | 12.2 | Z1.€ | or.€ | 57.8 | 27.5 Е.Е | o1.2 | 50.2 | 95.1 [ec- Tc 

QP .z 55. 6L.x | 1/.т | 06.1 | УЕ. т | 11.6 | (6.5 | ос. | (5.6 | 15.81 96.5 |.1b.€ | bz.z | oz.z | (9.1 05-91 ча, 
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66.2 |9г.0— |67.0— |64.0— |25.0— |98.1— |g£ .o |51.0— [54.0 |£9.0 4 |58.0- |45.0+ |gZ.0 - |50.0-4- 1.0 + LP. 0— |06-9Т\ пре 
[0.8 |91.0—|67.0—|84.0—|58.0— |g£. 1— [17.0- |S1.0— [083.0 + [19.0+ |6g.0 4 |72.0- |$2.0-- [830.0 + |P1.04- [87.09—|<1-П 1 
С.Ғ |gr.0—[|1$,0— |$9.0— |1$.0— |98.1— |SE.0+ [61.0— |Zg.0 4- [19.0 4 |58.0+ |02.0+ 194.04 |Zo.0 4- $1.04 |oS .o— fi) [-9 
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41.0—|oz O~—|1b.0—/91.0+/127.0—]9S.0+/2$ o+ |36.0+ |z2.0 + | < 
бо.1— |1. 0— |b1.0— |9z. 1— 125 .0+ |05.0—195 o+ |99 94.0 -|ot£.0— 
ol.0—|bb o— |z9.0— jov.o— |to.04- [12.0 + |og o+ |440 tS.o4-|Sb o+ 


CELE |06, о— [с.о |S .0o— [0S .o— |P$.0—17£ . —|/9€.0+[zz.0—]96.04 [9.04 [£g.o + [gr.0- |9.0 4- |Sr.o + |5т.0+ | [6-606 

gb.€ [9S .o— [12.0— |£$.0—[09.0— 185.0— |g£. 1—|[zt.o + |82.0— [10.14 [02.04 [29.04 |gt.0- |59.0+ |51.0+ |S1.0 + [6c - d 

85.8 [19.0— [85 .0— |$$.0—|£9.0— |209. —|58.1— |97.0+]95.0—|8т.1+]$52.0+ [$9.04 15т.0 + |tS.0 + |12.0+ |152.0+ 45-91 | 
од. [£9.0—[$2.0— 195.0—[69.0—[g9. —|18.1—|1059.0+[$58.0— [08 °1 + [24.0 + |ZZ.0 - [$1:0 + [$8.0 + |t7.0 - |t2 .O E [CT- TT 

08.8 ]6$.o0—]|tz.o—|4/$.0—|tZ.0—|Z9. —1[85.1— |РР.о + |98.0— |65 *1+129.0+ [ZZ.0 - lgr.0 4 |05 .0+]6т.0+ [12.0 [oT-9 

6. [6S .0— |/1.0— 165.0—|9/.0— 126. —|$35.1— [ob.o-- |98.0—]19*1-+ [85.0+ |90.0+ |gr.0 + |85 .0+ £1.0 - |Z1.0-- |¢ -I 

go.b 199.0— |41.0— |99.0— |97.0—]SZ.0—|[z£. 1— gf. be. —|zZ.14 6.0 + |94.0+ [tz .0-—- [67.0 + [97.0 + [61.0 + [1:95 

€z.b 19 .0— 160 .0— 199.0—94.0—|64.0—198.1— 158-. Lo. —|£S.1-- 997.04 [28.0 + 18.0-+ [$5.04 [$9.04 [907 .0 - [07-12 
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09.9 [06.0—]9z.0+ |оР?.о—[©с.ї—|6бе.о—[|[88.1— |98. go. — |ӯг.о+ |5т.0—197.1+ [£2.04 [$1.14 |z1.0-- 128 .0 - |CT- TT | 
16.9 |04.0— |41.0+ [05 .о— |50. 1—[£0.0—|$7.1—]6b.0 + J€z.0—[zz.0+ |tb .0— |ІР.І + |Z9.0 4 |P1. 1c [10.0— [£9.04 Hi | 

Z1.L [|oZ.o—][|1£.04 [17.0—|gZ.0—[|fo. —[rS.1—10oS.04 ]g1.0— [1£.04 |$b.0—[6z.14- |65 .0+ |Zz.1 + |c0.0 [Sv .0 4 |< 

tv.4. |99 .0— |gz.o+ [o2.0—1|gt.o—[o1.0— [6b.1—[g2.0 + |go.0—|£€£.0 4 |f. 0— [| 11. 14 |g1.0 + |bz. 1-- |ar.o-- [19.04 106-15 

69.4 |4g.0— [10.04 |£2.0— |zz.0 —|12.0— |z$ . — |с.о + [60.0—jov.0+ /61 .o— |16.0 + [60.0+ |Z1. 1- |t2 .0+ jot . 0 + [Cz i| 

63.2 |gg.o— |со.о+ ]ZZ.0— |go.0— [62.0—|S$£. 1 — [1£.0 - |[£1.0— [28.0 -- [121.04 [00.1 + [601.0— |g1. 1-- |z1.0 4- 190.04 |091 low 
63.2 |99.0—]21.0+ [8g .0—|60.0— |17.0 — |SP. 1—|z£.0 - |gz.0— |tS.0- [£5.04 [06.0 + |60.0— |11. r-- /01.0+ [ES .0+4 Ic] Ft | | 
16.4 |16,0—]z1.0+ |до.:1—|/о.о+|од.о—[о©.т—|/Ф.о+4т.о—[©о.о+/4.о+1|99.о0+]1©.о—]Ро.т+]8о.о+]905.о+ АА. 

t6. |lo.1—|€1.0— [|óz.1—|930.0— |oz.o—[go. 1— |8. go. —|[£4.04-|$9.0- [08.0 + [gf .0— [97.0 4- |90.0+108.0-+ |< 

09.4 [|vP1.1—[£0.0—]98.1— [oz.o— |or.o-- [z1r.1— |о/.о + |FPo.0—|]£9.04-109.04- |[£0. 1-- [1£.0— [69.0 + [g1.0— |£g.0 - | 12-065 

08.4 [c£6.0— |£1.04- [16. 1— |11.0+ |g1.0- |b. 1— ]t9.0 + |9£.0— |60.0+4 |£6.0-- jto.1 + [or.o— |£7.0 4 |11.0— [$8.0 4 [Cc Ic 

[9.2 [gb .o— |Et.o— |26.1— |Zb .o - |tS.0-- |1#.1—155.0+ |cb.0— |S2.0-- |z0. 13-02. 0 + | 11.0 |£1.0-F |fo.0- [19.0 IORI 7 
11.2 |51.0+ [16.0— |90.5— | 40.04 |59.0+ |€6,.0—J0S.0+ |g1.0—]0£.0— |80.1 + ]gg.0 [160.0 + |£0.0— |£1.0- [16.04 |c[-TI /. V 
c9.9 [60.04 [17.1— [£t .z— [£0.0—|49.04-|go. 1— [46.04 [62.0— |49. о— |85.1 + |g6.0 + 16.0+ [15.04 |tz.0 + [29.04 |0[-9 

tZ£.$ |go.0— |17o.1—/66.1— |99 .0— [11.0— Joz. 1— |11.04]£7.0— (58.0 + [Z1.2 + [22.04 [ES .0+ [10. 1-- £0.04 [16.04 |¢ -I 

98.7 lgr.o4|]1g.0—]et.1— |1b.0—]0oo.1—|Z9.0— ]oo. 1—][09.0— [89.04 [04.1 + [£2.0 + |09.0+ Jog.o + [21.0 4 150.1 + | [0-92 

ст.У [10.04 |Р. о —– | Со. т —– |bo.0—|69.0—|e2.0— |oZ.0— |z1.0— |Zz. 1 + |ez. 1 + |oo. 1-2- |z2.0— ]|ot.04- [oz.0— [81.0— |G- 16 

55.5 |82.0— |22.0— |62.0— |£o.0 4 |Z£.0— |o1.0- [19. 0— [g2. 0 - [Zo. 12- [66.0 -|£6.0 - [E£.0—]|o0.0 [15.0—]|£c.0—|üc-9T V cp 
£6.c |29. o—|So.o—|1S.0—|11.0+ jo€.o—|£0.0+1g$.0—14€.0+ 140.04 [99.0-+ 19.0+ lof.o— br .o—l/n.n—tro_ e—ler orf ке ы Й 








ATE ID Бань | КЫ саб a СЕ СЕЕ КЫЧ TIN E. Pa 

Чи, T CEN нин і тут _ кэз FI ME X Et o.c ake E хэ Ltr | 1 

EE 1 Dac. | #-#- ок» “oF ов а т LLEF ^а» +» | E 

17 Fe z Кїз +» | $° de lat ETE E toy can rept „къ куки | t 
- т a «= 1 


75506; 
5 
+ 
220620 


NOAM 
209079 
396$393 


— $86 — 


Ata short dista1ce, 5 kilometres, above Aswai Cataractthe Nile beids 
sharply: to the east for a few huidred metres and thei resumes its 
1ortherl y course, thus formiig ил ег its left bai К а back-water which 
11 flood becomes a powerful eddy which has scoured a deep hole. This 
has giver rise to a local legeid that from this point an uidergrouid 
braich of the Nile flows to the oases of Кһагра and Dakhla to supply 
their deep-seated wells, but the nearest of these is situated at a distaice 
of 230 kilometres from this poiit and obtaii their supply of water from 
the summer ‘rains which fall o1 the iortheri half of kordofa1 and 
percolate rapidly 11to the saidstoie strata which here cover the granite 
of the old laid surface and 11 their turi pass beieath the limesto1e 
beds which form the walls of the oases.’ 

From Jure to September 1893, the volumes discharged by the Nile 
were measured at Demhid, Dosha and Gertasse uider the directio: of 
Sir William Willcocks Md from these the и table for Аз\уал” 
was computed. 

The results are given 11 the following table for comparison with 
those given above for Khartoum (p. 228). Berber (p. 279) aid Darras 
(p. 280). 


VOLUME DISCHARGED BY THE NILE ABOVE ASWAN. 


Sectional | Мели 


‚ Ше Mean Width | Мел Deyth M o Velocity: Discharge 
] NO I Iu. nm? nm. p. 5. In. р, в. 
May 21.. 522 2*00 1036 0* GOS 603. — 
is 2. у се 1°96 1023 0* 6256 672 
е 2 a 220 1:90 992 0° 6608 DOS 
aaa 20 220 1°00 du 0° 661 627 
» 2e 921 1°90 092 0* 642 635 
7 Des 520 1.79 155 0*610 01 
June 1%. 425 2. 45 1040 0*509 502 
ss 19.. 425 2° 4S 1054 0* 473 200. 
- A FP 1206 2*50 1067 0* 4177 310 
ЕА ее 427 2°90 1094 0* 506 Dot 
ы 24.. 420 2.07 1112 0*514 212 
- 2s 450 2° 60 1136 0° 501 DBS 
E ә, 130 2°64 1415 0* 464 657 
July B.. 432 | 2°86 1254 0*561 002 
s l.. 134 2*'82 1261 0* 551 195 
T u.s 155 2:07 1296 0:579 121 
| Dus 13% 0*0» 1339 0* 563 1255 
w DP 465 و‎ 1362 OQ? 500 S10 
s Ош 165 2:010 1392 0*593 832 
TOs. 400) 4°30 1755 0017 1055 


1 cf. Rohlfs. 
? Reyort on Регет 11а] Irrigation, Cairo 1894. Ay ,e1dix III. 


" Wo лот kommt das Wasser der Oase.” 


Zeitach. f. Erdkunde, Berlin. 
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VOLUME DISCHARGED BY THE NILE ABOVE ASWAN—(continuedd), 


а пони 
age ee e 


О, б т ТТВ Ге e ‘Sectional ‚ Meu Dischare 
Date eai Width | Мелл Deth MA Velocity Ischarge 

1392 m. ni, їп? m. p. s. шь? p, x. 
July 17.. 409 1:54 1857 0° 683 1269 
‘i olor 410 4°75) 1963 0° 730 1434 
4. Ш. 411 2* 00 2075 O° 700 1467 
m T 412 SlIr 2124 0* 164 1625 
"^ 412 2° a2 2185 O° 605 1220 
- a 413 2'3d- 2202 0* 722 1501 
I diga 113 ° 287 2221 0* 740 1066 
ar. 7 415 2°60 2315 0*82/ |. 1014 
- 25 ALG INI 2440 0* 871 21351 
i 26.. 41% O° 323 20604 0*00] 25581 
єў. is 419 6*60 2704 0* 60 2706 
- М.а 421. 0°82 38610 1:080 |, 3099 
- "es 121 1*43 51-4 1:230 |. 3867 
vw,’ 30.. 421 8°23 392% 1305 4816 
» Əl.. 429 8*57 3011 1:407 2836 
Aus 1.. 130 862 3712 1°495 5552 
ss Dus 431 3°88 3530 1° 425 20415 
- Dee 133 0°04 3571 1*44d JIN!) 
T 4.. 439 9° 26 4020 L402 6023 
- (oe 437 0*66 4220 1*624 08251 
, 8.. 438 10°00 4384 1:721 1571 
>. J.. 439 10°10 4430 1°721 (625 
T 10.. 439 10°10 4439 1°797 1951 
- DL. 439 10°05 4412 1°748 1114 
У pm 439) 10°00 1383  : l'681 1508 
- 18.. 450 0505 4565 1° 646 (081 
ы 14.. 439 0°08 4380 1'635 7186 
3 15. 141 10°05 4466 1° 736 1125 
is Ib.. 111 10°34 4558 1*724 156] 
Es Sa 441 10°45 1622 1*795 S298 
S 18.. 442 10755 1654 1* 135 5000 
T 17; 443 10°60 4693 1° 765 S2N7 
T 20.. 413 10755 4004 ГИ S308 
" Pls 143 10*62 1705 1*8085 57109 
" 2404 444 10°53 4815 1°518 9121 
* .. tes Hl 10°85 4811 1°28 $709 
ae 143 10°75 4756 1710 ХОМТ 
dun 7 444 10°15, | || 1156 1* 703 АЛГАН, 
з 205. +44 10°55 4695 1:760 S281 
" СВ 443 10* /3 1753 1°32 9056 
"ax T 444 10°68 1140 1:035 0171 
ze 95, 143 10*60 1694 1:005 S947 
no iss 443 10752 4657 1°80) S400 
ae ee) eee 143 10°53 1072 lesly S490 
ері. 1.. 443 10*52 4650 1°836 8553 
99 442 10*45 4632 1° S679 
` dae 112. 10*41 15390 1°79 S004 
» t.. 142 10°36 4574 1°696 ШЕЛ 
жы S1 05 442 10°31 1556 ]- (19 (8233 
"ALME T 442 10*34 4570 1'662 (900 
“3 f.. 44? 10°33 4262 1°663 1206 
is 8.. H? 10°48 1626 ]'650 (803 
p Же 11? 10*50 1643 Ш (SJ 


VOLU? E DISCHARGED BY THE NILE ABOVE ASWAN—(continued). 


Date 

1893 
Sept. 10.. 
» ll.. 
; 12.5 
Lea 
" 14.. 
| 193 
16.. 

| 17.. 
39 18. ° 
| I95« 
20.. 

| 21.. 
„ Bas 
| 2955 


— 388 — 


Ihe position of the lines of section were : 


DATE 


May 21-30 .. .. 
June 18-26 .. 
July 3 12 .. 


June 29 


Jily 16-Sept 23 


Discharge 


Im? р, &, 


7976 
7009 
8222 
8254 
N5980 
8051 
1680 
1152 
1680 
1816 
1933 
8254 
8230 
8127 





Aswan 
19 
44 


Menai Width | Mea: De,th Sectional Мел \ 
area velocity 
i. i m. m? Ud. р. 5 
442 10°55 4085 1° 
442 10*60 4097 1° 
443 10* 70 4748 l’ 
443 10* 90 4811 1°715 
444 10°90 4824 1° 
444 10* 71 1748 р“ 
443 10°62 4699 1° 
442 10*55 4672 1°659 
442 10°50 4646 1*653 
142 10*50 4640 1*682 
442 10°58 4682 1°694 
443 10°75 4760 1°733 
443 10°85 4803 1* 736 
443 10°79 4782 1:699 
KILOMETRES 
I LACE 
Wadi-Halfa 
.. | Dehmid 326 
Е Gertasse .. 301 
327 


| А Dosha .. 


15 


and these sites аге within the area which is now a11ually flooded by 


the reservoir. 


A few discharges have bee1 measured at Wadi Halfa which аге give. 
11 the following table :— 


—sáÓ—U-2—————Ó—H———— Й ——————————A—UA— D —————————————— | | ———————ue Ц ааыа 


1901 
December 5 
1902 
Jaiuary 23 
: 30 
February 5 
13 
20 
> 21 
March 16 
April Ó 


99 


39 


The discharge table 


Halfa Gauge 


metres 


3°08 


2*00 
03 
'88 
{6 
68 
'60 
' OU 
"28 


pb pd RÀ а ра Ба 


Discharge 


Cubic metres 


per second 


1012 
830 
(dd 
110 
0609 
032 
ie! 
520 


Date 
1902 
A ril 12 
is 17 
5 20 
May 81 
June 23 
July 1 
» H 
» 24 
August 5 
26 


25 


Halfa Gauge 





Discharge 
Cubic metres 
рег хесо14 


533 
207 
i3 
507 
Si] 
867 
1,257 
1,750 


2,000 


9,813 


which has hitherto beer used 11 coı 1ectlo 1 
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MINIMUM MAXIMUM 
YEAR 7 
Diflerence Dilference 
After . After | 

с" Abril 30 „ы ‚ на August 15 m as 
1575 May 23 23 — 9 Sept. 11 ..| 27 + 7 
1870 June 11 4? +10 » l м 23 Tog 
1877 May 26 26 — 6 Aug. 20... 5 ` —15 
1878 June 8 39 + 7 Oct. 1. 10 +26 
18/0 | May 23 23 — 9 | Sept. 13 29 +9 
18%0 June 3 à 34 + 2 К 2 i 18 — 7 
1831 Мау 14 14 —18 : 1 20 () 
1532 June 22. . 53 +21 Aug. 28. 13 — { 
1883 May 27 ..| 27 — 5 Sept. 17. 33 +13 
1884 ы ОЛ e 25 — 7 5 ] . 17 — 3 
1885 June 20 ..| 51 +19 Aug. 28 13 — 7 
1880 : и od + 2 Sept. 22 35 +18 
1887 May 5 .. ) —2i » 1. 17 -— 3 
1585 June $£ .. 35 + 3 Aug. 34 9 —11 
188 T s 35 + 3 Sept. l . 17 — } 
1890 May 25 .. 28 — 4 е 2 18 — 2 
1891 so l жг 17 — 15 a 7 23 + 3 
1495 June 5 œ 36 + 4 м 20 36 +16 
1893 2018 ..| 49 +17 „ 14 .. 30 +10 
1304 May 8 .. 8 —14 Aug. 25 10 — 10 
1895 June 21  .. 52 +20 "TL 7 —13 
1396 » 1l ..| 42 +10 Sept. 2 . 18 — 2 
1597 May 27 .. 27 — 9 5 l жа 17 — 3 
1898 June 21 . 52 +20 Aus. 28  .. 13 — 7 
1809 " D s 32 + 0 Sept. 4 . 2() 0 
1900 May 26 ..| 20 — 5 Aug. I) .. 4 —16 
L901 „ 10 .. 10 — 22 Sept. Û .. 22 +2 
1902 June 6 37 + 5 » 17 | 33 +13 
Mcan | ше 1 ..| — +10 Sept. 4 ..| — +8 


[1 the following table is given the volume discharged 11 each year 
from 1869 to 1903 from July 1 to October 31, which has been 
computed from the discharge table give: by Sir W. Willcocks." The 
ratio betwee floods of differeit magiitude bears out what has been 
deduced from two years’ discharges at Khartoum, namely, that an 
abiormally low Nile is about two-thirds of the volume of aiormal 
flood, while a maximum flood is 1early the double of an abiormally 
low flood. These proportions should be approximately reproduced 
11 the Abyssiiiai raiifall of these years, but observatiois there are 
as yet too few to show this elearly. 


і Perennial Irrigation, Cairo 1894, App. IIT., Table Т. 
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VOLUME OF FLOOD AT ASWAN, JULY 1 ro OCTOBER 31, 
IN MILLIONS OF CUBIC )ETRES. 


; ati 7 Vartati foi Variation from 
v uae Se US К of TUN p Нефи mean. 
1569 1°18 77,133°6 11,9654 T ps 

1570 2 80,183°5 + 14,995°3 T is 

1571 1°05 68,3118 + 31850 (0,5517 + 2.211 
1872 1°11 12,0654 + 6,8172 71,6095 + 60.5660 
1873 0°84 55.0044 — 10,1839 69,902" + 4,689 6 
1541 1°26 32,622"; + 17,4344 10,4955 + 5,1909 
14735 1-10) 71,896°9 + 67087 69,197°3 — 1053 
]576 1°09 (0,8782 + 5,60900 10,5] 2*8 + 25,0102 
15:1 0* 10 15.552 — 19,6040 65,6259 3.3255 
ISIS 1°24 80,5823 15,3941 61,087 + 11871 
1512 1°14 14,1878 + 8,9910 065,1470 — 254% 
1880 0°08 04,2159 — 923 66,8515 + 1,552 
1881 ().93 00,6692 — 4,5100 64.3027 — 9999 
1552 0* Nd 541.6337 1 —10,5545 60,3505 — 1352] 
1553 1-04 61,$О6` 7 + 2,6187 60,430 — $5670 
184 0*83 54,4212 — 10,7610 60,171 — 25.1201 
15355 000 61,6582 — 39200 64,7091 — 5532 
1886 (2.91 59,3335 — 2.3511 60,5680 — 413416 
1557 1°19 17,0196 + 12,4514 62,6508 — 26425 
1855 0* 72 46,8016 —18.3\6 64,201 — ӨЗ) 
1559 1:00 64,5360 — 3022 65,6060 + 205+ 
1890 ]*12 13,1178 + 7,950 65,1390 + 34354 
1891 1:01 02,5413 + 3500 69,2148 + 3,972°2 
1592 1*20 18,2191 +13,001°5 12,1901 + 6,552 
1893 0 99 64,4859 — 10275 12,0500 + 1,2540 
104 Loe 19,462°9 + 14,2743 73,338 6 + 8,0500 
1595 1°15 715,009 + 9,8217 69,259°5 + 3,1572 
1596 1:06 09,455'2 + 4.2070 10,25 c4 + 40948 
1597 O° st} 51,8854 — (30798 62.5651 — 24505 
1595 1°07 WETER + 4,255°6 ЭЭ МУХ — (121% 
18 0*65 41,0011 —24 18571] 256.5051 — ОЭ 
1900 0°80 28,0884 — TONYS 24,2007» ЕНТ! 
1901 0°57 20,2208 — 8.0014 ОО — 14,2527 
1902 THIR: 41,4420 EPONE SAI ۳ T 

1903 (0) 28,1907 4 — 6,009708 T .. 

Меа1.. 02,1582 Meal.. .. 05,3026 





It will be 10ticed that the meai volume discharged is 65,188 million 
cubic metres, which is 10t much greater thai that obtaired from the 
Khartoum observatiois for 1903, а year somewhat below the 10rmal, 
although the Aswai volume i1cludes the discharge of the Atbara, and 
also that which the White Nile was coitributiig, a quaitity which 11 
July and October is 10t 11coisiderable, though small in August and 
September. These Aswan values would appear, therefore, to be rather 
below ће truth. Ihn the memoir wherethe discharge table ts published, 
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по details are give of the observations from which the table was com- 
puted. The greater discharge when the river is rising {һал when it is 
falliig, Lor the same gauge-readiig, is meitioied, but it 15 not stated 
how this was dealt with i1 preparing the table. However, though the 
totals may be rather low, their ratios to ore ало ег should not be 
appreciably altered. 

In 1904, the volume of the flood calculated in the same way was 
17,020:8 milliois of cubic metres, being 0°75 of а meai flood, while 
that of 1905 was oily 42,000°0 milliois or 0°65 of а mea: flood. 


Summary.—From Khartoum and Berber to Aswan the waters of 
the White Nile, the Blue Nile and the Atbara flow in a single stream 
to Egypt. From a comparisoi of these three tributaries we have seen 
that each plays a somewhat differeit part in the regimen of the river. 
The relations are simplest in April just before the Blue Nile begiis to 
rise for thei the Atbara supplies 10115, the Blue Nile but little, while 
the White Nile supplies by far the greater share of the Nile. As the 
Abyssinia rains increase the coitributiois of the Blue Nile and Atbara 
become importait, aid ѕоо the White Nile does little more thai fill 
its valley as the water level of the Blue Nile coitiiues to rise. Wher 
the latter falls i1 September and in October, the White Nile discharge 
licreases, and is at its maximum in December, but decreases rapidly 
after Јал лагу when the Sobat has falleı coisiderably. 

The Nile i1 this reach is eroding its bed throughout and with 
coisiderable rapidity 11 certain of the cataracts where a narrow chaa ле] 
aid a steep slope occur. Thus it is forming 10 flood plaiis and 
cultivation oily reaches any coisiderable developmeit where the valley 
is wider for a sufficient distaice to гел ег а салза] practicable. | Evapor- 
ation is at a maximum 11 the iortheri part, where rain is almost 
uikiowni and is certainly wholly iieffective siice oily ai occasional 
storm passes to the 1orth of Doigola. The Nile supply 11 this reach 
therefore has reached its maximum and from Berber 1orthwards 
steadily diminishes by evaporation, seepage, and by the utilization of 
its waters for irrigation. 
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11 the valleys, and pours a large volume of water into the Nile. As 
л contribution to the river supply these *Seils" or rain floods are 
uiimportait but their effect 11 erodiig the desert is immerse. / The 
rain falling heavily for a few hours o1 the bare rock surface of the 
desert, where no vegetation exists to delay it, pours rapidly dowa the 
geitle slope of the plateau 11to the 1earest valley carryiig with it the 
material which the rapid variation of temperature 11 the summer months 
his loosered from the rock surface. [1 arid climates the soil 
becomes so thoroughly dried to а coisiderable depth that the 11 terstices 
betwee1 the soil particles become filled with air instead of water as 11 
а humid. climate. Coisequeitly this air must be expelled before 
percolating water can erter. 11 deposits of large grain this takes 
place readily, but in the finer soils a moderate shower is likely to fill 
up the surface pores so completely as to prevent the escape of the air 
below so that water peietrates but little and teids to flow rapidly off 
the surface into the valleys." 11 the valley the iicreasing volume 
of the flood sweeps aloig tois of boulders, gravel and said till it 
may eve) reach the Nile valley covering acres of cultivated laid with 
gravel, said, and fine calcareous silt, while the water pours iito the 
Nile colouriig it yellow from the quantity of бле silt carried dow 1 11 to 
it. These "seils" are less rare һал is usually supposed aid the dry 
arid appearaice of the desert, together with the rareiess of rain cause 
the effect of such storms as do occur to be uider-estimated. 

In atrough from 2 to 10 kilometres wide and 100 to 300 metres deep 
lies the Nile, meandering through a flood plai1 formedby yearly deposits 
of silt brought dow 1 from the Abyssinian tablelaid by the Blue Nile 
and the Atbara. / This trough was determiied 11 the first 11sta1ce by 

. fractures of the crust which caused a strip of couitry from about Edfu 
(lat. 25° N.) to Cairo to be depressed, leaviig the plateau staiding high 
above it, Just as the Red Sea and the gulfs of Suez and Akaba were 
formed, probably about the same epoch. This iiterfereice with the 
draiiage of the country doubtless produced a series of lakes 11 the low- 
lying area, while the drainage of the easteri plateau commenced to 
excavate the valleys which now exist as dry desert wadies, their develop- 
me1t being i1 талу casesfar from complete as show by the cliffs which 
interrupt the slope of the valley whe a harder bed of rock thai usual 
15 met with. 

7 litothis depressed area the drainage of the southeri part of the 
basi finally flowed, and there laid dowa the alluvial deposit through 


1 US. Geol. Survey, 19th Aiiual геуог& Part II, Washington, 1899, р. 93. 


PLATE XXXVIII. 
THE BASIN OF THE NILE, ASWAN — CAIRO. 
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higher temperatures 11 the moiths when easterly wiids prevail, and 
lower ores during westerly wiids thai would have beei recorded 
at stations wholly 11 the cultivation or 11 the desert respectively. 


MEAN MONTHLY TEMPERATURE. 








MEAN AXI?U 


Cairo’. . ..| 182 


21*1194*2j128*6132*6|35* 1136* 
Giza .. ../19:4 22*2|24*5|28*8|[22*2134* 2]34* 
Beni 8Suecf ..,49*5/20*9]24*2128* 3132: 5|34* 3137 
Assiut..  «./20°2)24° 7) 28° 4/32°5/36° UT 11377 
Sheikh Fad! 19°O0/P2°S8)25° 7|2::9133* 1135 °3 (35° 
Nag ні 20: 5125.3 28.8134. 0137.1139: 235°! 
Luxor. . 250*1[25:5)20*4192*]| 45. | aw | o 


Aswan 
‚ Rest Camp.|23* 812472 
Aswan — 

Reservoir .|22°9)28°() 


b. | Mar. 


ЗІ 1 30233] il 


28*9]133:6]390*3142:3| :2 3139: 


Abril] May | Јале | July 


‘1141-5144 





Jan. | Feb. | Маг. (А гі | May |Ju1e | July | Aug. [Sept. | Oct. | №ом. | Dec. | Year. 
Calro'. ..12° 313° S8 10° 021° 221° 827° 7/28 62° 1]25* 6123-0 18* 1۲12-4 
(3iza ee ..10°913°015° 2119* 322* 7|24*8/25* 7/126 4| 24*0122*0117* 112: 194 
Beni-Suef..42:6 1141108120 524 9120902841072 25* 3323* 2118* 5115*01 91,1 
Sheikh Fadl.i£1:0/14:0/117*0]21*3:25* 2127: 4128: 6 23*5|25* 5[22* 8]16*7112* 7| 90.9 
Assiut. . -/40°6/13°35]16°9/ 21° 9/25 °8]28* 7 29: 9|20* 5/206*0123*6]17* 3]13* 8| 2175 
Nag Hamadi 12:4|15* 7/19* 4| 24* 7/27 3129 9/80 5413091127 625023-5 14 a} 23.3 
Luxor . iii ee pete ein Жз ELM ULL де 
Kharga. 15.8145 :3114 7|23: 9214 31. 031*3|32:3127* 1124*0,18*1| .. 1[26*1] 
swan 
Rest Camp. 16*8|17*5,20*9/20*6/30*3[33:3|33*0/32* 0] 30 +4128 ° 6|23* 6/187 2) 20-0 
Aswan 
Reservoir ./44°5/18°5/21°4/ 26° 130° 0:32* 4:32 7,32: 4 307 3:212 PL TLIO} 95° 


TEMPERATURE. 


Aug. |Se5t. | Oct. | Nov. | Dec. | Year 
51*90:32*2]30* 1) 24°3120° 2|28*2 
34'9,32*5130* 1|25*6|2133 25 * 5 
3*4130*8)29* 1121*8]21* 5/2178 
21*8|31*0|31*3|27*122*527* 0 
350790132*1/|28*8|24* 4| 21*0|28* 7 
38*0,3572133* 3|21* 31237 5| 31* 
oo | oe | жа JOL H2 .. 


2]37*6/35*8120*60|24* 0/23 1* 0) 


'9/139* 71387 8|31* 7|27* 3:34: 9 


MEAN MINIMU^ TEMPERATURE. 


Jan. | Feb. 






































Mar. | Abril | Мау | June | July | Aug. Rept, | Oct..|Nov. | Dec. | Year. 
C'airo'. 6*9) 8*2| 9:9 | 12:8 |[15*9018*5/20*8/20*8]18*9|17*112*3| 8*814*4 
Giza .. . | 6:3| T2 9:0 | 1119 14*6/11774/119*0/20:113*2|16*5]11* 9| 82184 
Beni-Suef ..| 5°8| 7°2) 0-5 | 13-2 [17*3197*6/21:321:0119* 711 773112*2| 8*5/14* 
Assiut . TOT VA |140 [1895/21 2122°6:22°9]29° 1117 44107 9| 7.0147 
Sheikh Fadl] 34| 5-3] 8-4 | 12-8 |16-3/19*521-021-2/18-0|16*7| 9-01 4-4|13-1 
Nag Ната И 4*2| 6°2) [OS [15:3] |17520521" 021 4 ыы 01167 9*8| 6*014:0 
Luxor . 7b) 0-531277 | Jol | .. |... vs. IO) UG ж» 
Aswan 
. Rest Camp, 9*9110*7112:9 | 187 j2b°3/24°3/25°5]24° 8/:23:3|21* 2/1 7* SILL 5/1875 


swal 
Reservoir. 


9.0111 


“ИЗВ | 153 


22:0|24*2:24* 7/25 -01230 20° 7]15*5 11*4|18*2 





1 Abbaxsia obser vatory. 
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RANGE ( 4AXIMUM— MINIMUM) 





Jan. | Feb. | Маг. | A;ril| May |Ju1e | July | Aug. |Seyt. | Oct. | Nov. | Dec. | Year. 
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Cairo oo =o o (11°4)12°2)14°3)15°8]16°7| 16 6115:3114* 1/1373 157001270 11°4/13°s 
Giza .. ..|12:8/15*0|15*5|16*0/17:6/16*8/|15:9|14* 8/1472 142 15° 13°115°0 
Beni-Suef .. 13: 713° 714°715°115°2 14° 113° 60 12° 111° 1 11° 8 12°01 01° ° 
Assiut.. ..|135:5118*049 0,15*5|18:1j16*5/15*3/|14*9]13*3 13:9 168/155163 
Sheikh Fadl.116*1147:5/17:317*1|10*9|15*8]15* 21147 7 13:3.12:1 15*4/16*6/15^ 7 
Nag Hamadi|16*3 1:1 1]19*0/18*7/19*6,19*7]17*9/17*2]15*2116*06/1 7751177 5 11* 8 
Luxor.. ..15:5]16:3|]16*7]]16*1. .. | .. | .- | ee db enn dg 1820471 CC. 
Aswan ! 
IM. 13:9113:5114*0/14:9/48:0/18:0/16*8/14*4|14*3/|14*6 12* 112: 4| 1475 
swan 
Reservoir. pil cad 17:3117*917:1|]17*2j|16*85/16*9]16* 7118 11]16* 4/15: 9]16* 7 
| 
MEAN MONTHLY MINIMUM EXTREDES 
Jan. | Feb. | Mar. | Ayril| May [June | July | Aug. (Sept. | Oct. |Nov. | Dec. 
Сато .. .. ..| 2:9| 4:0] 5°6] 8*8|11*7116*048*3|18:2] 1578137 0| 875| 45 
(17а .. oo} 2°3| 3°5| 5*2| 7° 010° 1]14*8116*5]17:*5/14* 8|12*5| 80| 3,9 
Beni-Suef . ..| 1°9) Seb) 5*4| 5*8112'7116*4119*0118*416°& 140] 8-31 4*0 
Assiut.. «a. «| 0:5| 2:0| 4:9] 970|13:6117*6113*8/|20:5]17*8112:9| 6*3) 275 
Sheikh Fadl ..|—1'9| OR] 2*9! 7*O[II*2115*8117* 118° 1.157 31IO* S|. 4:2 071 
Nag Hamadi 0:9; 2-0) 5*5| 9:5|]12*0|16*948*6/18:0|15* 6 11*9] 5:8 2:3 
Aswan Rest Camp] 6*1| 5:3| 8:3/14*1|16:9]20*2 22:222: 5|20*6117*3|12: 2| O° 
Aswan Reservoir.| 4:9] 7°3] 97 2/113*9117*6|20 5/21*9:21*5/19* 1]16*4| S'S 4*3 
MEAN MONTHLY MAXIMUM EXTREMES. 
Jan. | Feb. | Mar. | April} May {Јале | July | Aug. (Sept. | Oct. Nov. | Dec. 
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Cairo se .. ..)22:6128* 2,33: 8|31* 0 40° 








1)41*6/39*7]40*0130*9/35* 2:20 * 11253 

Giza .. .. ..123:6|28:3)31*0]40*4|10*3/39* 8|39* 0138 * 4|36* S 3770133152374 
Beni-Suef ..  ..124:9|27°8/32°7|/37 0139181402138: 61378/3513: 33 12912/2614 
Assiut.. .. ..|25:4 30*8|37*5:42* 4144-0 43-0142: 341*2 35.831 1 IS 
Sheikh Fadl  ../23:6/28:6/34*6|10* 1142 241*4 40*2139*3]37 8) 32°8/30°0,27°2 
Nag Hamadi  ..!25:4|30* : 311,41: 0:42*5/44:5 45: 4314370 09:9 3871334752871 
Aswan Rest Camp|31*1;,30*9|33*6/40*0145*3/45*9]15: 9 4373 ibd 2415113 
wai Reservoir. |29*2/33*9 3917449151446452 H-3 ет muet 
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MEAN RELATIVE HUMIDITY 


Јан, | Feb. | Маг. | April] May | Jure | July j Aug. | Sept.| Oct. | Nov.| Dec. | Year. 


-—— | — | —— D —»—" Û —— Û -———— G —— | ————— | ———. |] c-—— О" э "йй ж Û мм ы ы ы {Г eee 


Cairo... ...| 60 | 65 | 591 51 | 47 | 47 | 50 | 56 | 62 | 66 | 66 | 70 LI 
(пла... ...| 82 | 17 | TOU 6 57 | 57 | 63 | 607 1 73 | 15 | 75 | 81 | 70 
Assitt ...| 69 | 67 | 56:| 40 | 30 | 31 1 36 | 42 156 | 62 1 69 | GO | 52 
Aswan wot OL | OT | 32:1 301 25 | 24 1 22 1 33 (| 30 | 389 | Bt.) 51| 33 





RELATIVE Humipity (8 or 9 a.m.) 





Jan. | Feb. | Mar, | April] May | June} July | Aug. Sept. Oct. | Nov.| Dec. | Year. 


-—-— | ———— |] ——— re  -————— j a —(—Mz—— G —— М лини || ————— [o —————— М 0—H——— ا‎ keith 


Giza .. ..| S7 | SE] 74| GS | 605 | 61 | 73 | 76 | 80 | 80 | 77 | 86 | 76: 
Asslut ..| 76 | OS | 59 | 45 | 30 | 40 | 45 1 48 | 60 | 67 | 72 | 74 | 58 
harga! ..| 59 | 32 1 24 | 19 | 11 | 15 | 19 | 18 1 27 | 28 | 36 | 03 | 22 
Aswan 108 | 184138 1 34| 29] 28 27 


28 | 37 | 42 | 47 | 54 | 5. 


| 


RELATIVE Номірітү (2 or 3 p.m.) 


Jan,| Feb.| Mar.| April} May | June | Jul) | Ан. Seyt.{ Oct. | Nov.| Dec. | Year. 


Cairo. e.l 47 | 40 | 34 | 27 | 24 | 25 | 27 | 32 | 39 | 42 | 45 | 49 | 35 
(riza e. .. 51| 42 | 39 | 36 | 80 | 33 | 36 | 36 | 44 | 52 | 44 | 50 | AL 
Assint ..| 234 | 44 | 24 | 21 | 16 | 17 | 22 | 22 | 31 | 38 | 48 | 46 | 30 
Aswan ..| 30 | 22 (17 | 17 [15 |15 (18 | 13 [18 | 22 | 25 | 30 | 20 


MEAN VAPOUR TENSION 











Jan. | Feb. | Маг. | April| May | June] Jul) | Avg.| Sept.) Oct. v." Dec. | Year. 


Culro кз (^2| TD TCS ST 9°9[11°9[13°6[14°6 S 1l10*6 
Giza .. oof 402] T4 8741107 2]11*6|]13* 4 15* 111578 SIli 
Asslut .. 6°4| 7°21 GS!) 72| 8 4|10*1]10* 411 173 171 03 
ASwal1 ..| JH 9*3i| д") TA (^ 1| SEH Fes! T 6* 1| (^2 





Ке аы 
үн] 


On leaving Aswai the river flows due iorth 11 a iarrow valley 
hardly more thai a kilometre wide ала bouided by saidstoie cliffs 
about 20-30 metres high ; behind this the desert rises slowly till on the 
west about 20 to 30 kilometres distait the steep face of the cretaceous 


г س‎ = -——— A r — — 
мым سے‎ r 7 سے ال ص‎ 


= 


1 Kharga Oasis gives desert values for comparison with those of the valley. 
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Taking the flood level of the river as giving approximately the 


slope of the flood plai1 we have.' 


Place. Distance. 

Küometies. 
Aswan to Silsila.. . 70 
Silsila to Qasr el Saal sa эз 250 
Qas: el Saad to Khazindaria .. 150 
Khazindaria to Assiut 00 
Assiut to Beni Mazai А 150 
Beni Maza: to Ashment .. 00) 
Ashment to Cairo Кя 100 


Flood watei-slope 


] in 


11,500 
14,800 
12,300 
11,800 
11,000 


11.000 | 


11,000 


quam a ОВ 
———MÀ!: 


. The 11teresti1g depression of the Fayum which lies on the west of | 
the Nile valley some 85 kilometres south of Cairo, mo 101 ger аҝесіѕ 
the regime: of the Nile but coiceris rather the utilization of its water 

ey) In Plioceıe times it was occupied by the sea which the 
extended for some distaice up the Nile valley. Later o1 11 Pleistoceie 
times, whei the drainage of North-Easter1 Africa flowed dowi the 
Nile valley at a coisiderably higher level thai to-day, the Fayum 


depression became a lake communicating with the river. | 
the river eroded its bed, the depression was probably cut off from the „у 


Later o1 as 


valley, uitil ii early ule Сони ka о o tad agaiı risen sufh- / 
ciently by deposition to reider possible the diversion of part of its 
supply 11to the Fayum. From that time by regulating the amount 
so diverted it was possible to reclaim gradually almost the whole of the 
Now all that remaiis of 
the former lake is a1 area of 233 square kilometres of brackish water 
which is бело reduced yearly as the water which reaches it is less 
The meai depth of the 


floor of this low-lying area for cultivation.’ 


thai that which is removed by evaporation. 
easteri portioi is to-day 3'7 metres, while that of the westeri portion 
is 5°5 metres, the maximum depth белро 8 metres. 


_) 


Material carried in suspension by the Nile.—In this reach 
a large part of the material which has bee: scoured oüt of'the raviies 
of the Abyssinian tablelaid by its torreits in the гау seasoi 1s 
deposited to form the flood plain which together with the Delta makes 





1 Willcocks. Egyptian Irigation, 2nd Ed., Гоп4оп 1899. p.15. 


? Cf, Beandnell, "The Topography and Geology of the Fayum Province,” 


Cairo, 1905, p. 26, 


| 


| 
| 
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up the laid of Egypt, and it will be coiverieit to collect together the 
available data which bear орол the deposition of the Nile mud. : 

Since the White Nile plays but a very subordiiate part i1 the flood 
aid its velocity at this time is at the lowest, 10 suspeided matter can 
thei be furiished by it, but all must be derived from the Blue Nile and 
the Atbara. While the volume discharged by these rivers was being 
measured 11 1902-3 some samples of silt were also collected, but being 
акел without specially desigied apparatus they do 10t give an accurate 
representation of the silt in suspeisioi si1c2 buta siigle sample was 
take on each occasion from near the surface in the middle of the river 
and no attempt was made to determiie the variation iı the amount of 
silt in either a horizoital or a vertical direction, 10r was the bottom-load 
ever determined. 


а’ dried on ly. 


SEDIMENT IN SUSPENSION IN THE BLUE NILE oF KKHARTOU А. 











Water | Weight | Parts Water | Weight Рац; C 
Date. taken in per Date. taken in ‚рег 

lities. | grams. | million lities. | grams | million 

1902 

May 9 .. ..| 36 | 4.426) 123 || Nov. 12. .. ..| 15 | 1.220 51 
ж ШЇ ss wal 300 2.186 60 s. 2! we wel № 0.970 65 
„ 24... ..| 36 1 2.700) 5 n 27 .. «| 15 | 1.070) 71 
. 28 .. .. 36 | 1.350) 37! Dec. 4 .. ..| 15 |0.620| 41 
June 2 .. ..| 36 1.750 49 ll se sal № 10.4140 20 
„ 14... 4 36 [4.150] 115] „ 18 .. ..| 15 10.600 44 


c b жє wal uo (0.1501 342 i. 2 жк о жї 0 0.460 31 
= 20 as вы’ 19 5.350 297 
July 5 .. .. 30 130.480] 847 1903 
ж 4 c 8 36 113.590 377 
», 24 б 113.625| 318 | Jan. l .. .. 15 | 0.470) 31 
Aug. 2 .. ..| 36 [37.650] lO46 | p 8 .. ..| 15 | 0.400] >] 
x 5 жє з 15 114.850] 990 „ 19 oe | 15 | 0.490] 28 
„ 30 .. 15 | 9.700| 647 ь„ 022 .. ..| 15 | 0.350] 23 
. 2, 15 [17.200] 1147 | 4, 30 .. ..| 15 | 0.600) 40 
Sept. 4 s. © 15 |23.600| 1573 | Feb. 5 .. ..| 15 | 0.050 43 
5s. Al x 15 ]|15.750| 1050 » 13 .. «| 15 | 0.30 21 
a d № 15 | 9.320| 621 » 19 ae ..| 15 10.410] 27 
> 20 жа 15 | 6.590| 439 „ 20 xs 15 |0.460| 31 
Oct. 2 .. 15 | 6.140| 409 | Mar. 5 15 | 0.300) 20 
209 .. 15 | 3.6000 240 | ,, 12 15 | 0.730. 49 
s 16... 15 | 2.590" 173 , 19 15 | 0.510) 34 
3 2 эз 15 | 2.250) 150 20 15 | 0.700) 47 
s — 00 ж» 15 | 1.810| 121 Ар 2 15 | 0.600! 40 
Nov. 6 .. 15 2.3001 158 t 15 0.750 50 


These qua1tities of silt insuspeisioi may be given also as the average 
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for each month in 1902, a year of exceptionally low flood. 


Month. Average parts Month. А veiage parts 
per millions per miliion. 
January e 30) July T 100 
February 30 August.. sse .. os 058 
Maich Od September PP 021 
Apul .. 15 Octobei e. oo 239 
MAY ss ws 74 Novembei TEE 92 
June 20] December "T 36 


Ап observatio made by Figari! at the Juictioi of the Blueaid White 
Niles 10rth of Khartoum on July 30, 1837 gave 1000 parts per million 
which agrees fairly with those obtained 11 1902. 

Chélu* gives the amouit of material 11 suspeisio1 in samples of Blue 
Nile water take opposite the old Khartoum Arseial оз February Зала 
August 15, 1877 as 1'5629 aid 16/7341; the unit to which these figures 
refer is not mentioned but it may be grammes per 10 litres, which would 
be equivaleit to 156 aid 1673 parts per million. Neither size of the 
sample зог the method af collection is give1. 

Ihe flood of 1902 was a very feeble ore, being oily 0°63 of a mea 
flood, so that the quaitity of material in susp2ision is also below the 
average; Ficari’s result was take1 about a moith before the Blue Nile 
reached a maximum in a year of bad flood while Chélu's value of 
1877 was in a year of bad flood aid 14 days before the maximum level of 
the river though the last fact 15 10t of so much weight siice the highest 
velocity is usually a little before the highest gauge readiig, wher the 
river is still rising. 

Ihe Atbara has always beei described as a river which carries a 
heavy load of sedimeit 11 flood aid the oily two measuremeits which 
have been made would seem to bear this out. 

The siigle observation from the Atbara 11 flood in August 1902 
giviig 4758 parts per million of suspeided inatter is of 11terest, aid 
should be verified by further i1vestigatio1 as it would appear as though 
this river discharging about оле fifth of the volume of the Blue Nile 


1 Quoted by Ventre in “Sol Egyptien et Engiais." Bull, Inst. Egypt, № 10, 1889, Cairo. 
2“ Le Nil, Le Soudan, l'Egypte," p. 25. 
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Neglectirg the results obtained from July 5 up to September 25 
as probably affected by the Blue Nile water the mear quantity of silt 
11 the White Nile 15 74 parts per million. 

The samples from both the Blue aid White Niles were take1 
approximately from the ceitre of the stream. 

Uitil therefore more satisfactory data are available, which have bee. 
obtained carefully aid which depeid ол a very large 1umber of 
observatiois take. during the flood on frequeit occasions aid at 
1umerous parts of the river section both vertically aid horizoitally, 
we -must be coiteit with a rough approximation to the true value. 
We may probably take 1400 parts per millior as the maximum amouit 
of suspeided matter carried for 2 or 3 weeks by the Blue Nile in 
flood, but for the Atbara 10 estimate is at preseit possible. As all 
available data are derived from water samples collected at or close to 
the surface, a further addition, aid probably a coisiderable оле, has 
to be made for the large amouit carried in the lower layers of the 
river aid especially for that which is half carried half rolled aloig 
rear the bottom. As no observatiois have yet bee1 made with a view 
of determiiiig this amount it must be 1eglected aid сал тоё be 11cluded 
11 this discussion. | 

Duriig the flood of 1905 discharge measuremeits were made at 
Sarras but there was 10t time to complete the equipme1t of à permanent 
gaugiig station before the flood rose, aid the temporary hawsers were 
carried away in the latter part of August. Specimeis of water were 
collected regularly so loig as measurements coitivued but they were 
10t take: at sufficiently 1umerous poiits 11 the section to give reliable 
meai values in August whe1 the velocity was considerable. 


SEDIMENT IN SUSPENSION IN NILE WATER AT SARRAS IN 1905. 


Amount Parts per million. 


Date taken: | -r Remarks 
litres Oiganic | Mineral | Total 





es ee, | —————— | — HA —!BRI 


June22.. s. . 5°1 2.7| 18,0| 21:6 
i 28e sa bel 2:2 2:9 8*'4| 10°6 
s d.e se sal Э 2.x 34| 11°2 

July 2.. .. . 5°17 2*6 8*7| 11:3 
y Uas dX э 5.2 3.0 9*0] 12:0 
a 96. 5*1 3*0 0*5| 12.5 
о Oes эк а 0:0 4*9 9.9 14:8 
„ 10]. 51 4°4 0:01 18:4 
a Tes de y 5*0 2:3| 0°23 12*6 
x. eius wis 5*2 26) 8:9) 11*4 
s 16.. : Jl 3°7| 12*9| 16°6 
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SEDIMENT IN SUSPENSION IN NILE WATER AT SARRAS IN 1905 — continued. 


Amount 
Date. taken Iiemaiks 
иш Oiganic | Mineial |. Total 
Julv 18... 5.0 3.5 16.5 20.0 
„30... 5.1| 4.2| 22.2| 96.5 
.0233. 5.0 | 4.6| 20:9} 25.5 
s M. 5.2 | 3.8] 20.3| 24.1 
m Des 5.1 6.6| 42.6 49.2 
о Ou 2.2 15.5) 86.2| 99.6 
» 20... Del | 33.2) 287.3) 325.5 
Aug. 2... 5.2 | 56.7| 580.2) 637.0 
z 3o 5.0 | 34.4] 379.5| 413.9 
"m 4.4 | 104.7, 990.411095.1 
"ms 9.6 | 53.7] 782.2| 865.9 
„ 12... 5.1 | 85.8) 628.4| 714.2 
14. 5.1 91.0] 622.9) 713.9| 190 meties from East. Bank. 
„ 14.. 9.8 | 23.5| 217.21 240.7| 40. 4. 4. — 
, 16. 5.1 | 78.0] 738.6] 816.6| 100 оо 
. 16. 1.8 | 17.3| 129.0| 146.4] 190 ИИ 
, 16. 0.9 | 34.4| 191.1] 215.6 40 „ . оо . 
, 18... 4.2 | 107.2| 837.1| 944.3] 97 „оо. ы 
„18... 1.9 | 28.0| 176.8| 204.9) 4 „  .  . 
„ 20... 5.2 | 123.711358.211481.9 010 — . о a 
‚ 90... 1.91 28.7| 167.2| 195.81 200 . 
. 30... 1.8 | 38.6 229.1| 9294.1] 50 .  .  . 
a 39... 5.1 | 109.6! 889.8] 999.4| 40. gl 
20. 4.3 | 113.7]1145.2]1258.9| 40 оо о 
Sept. 1... 5.1 | 56.7 575.9| 032.6| 40 › бу Уу 


l'arts per millions 


At Nag Ната! (345 kilometres below Aswai) very iiterestiig 
observations have bee1 made by Mr. Naus, director of the Sugar 
Factory at that place, 01 the amount of silt carried by the Nile at this. 
polit in the years 1903-5"; samples were takeı every 5 days from 
May to the eid of December and after that at loı ger intervals. The 
results are of great iiterest and are give 11 the following table. 

Ihe samples were take1 50 metres from the Бал К, where the curreit 
Was 5701 gest. 





t Kindly communicated by Hun. A. Davey, Director of the Company, to whom I аш indebted 
for permission publish to ћеш. 
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SEDIMENT CARRIED IN SUSPENSION IN PARTS PER MILLION At NAG Hamar. 


Jan. 


Pel. 


Mar. 


May 


“+ 


9 


June 


“э 
39 


“+ 


July 
Aug. 


Sept. 


Oct. 


17 


Date. 


— cr سم ٿ!‎ 
voi rm Vtt 


e 
nili, 
- -— 


E Em ра {| 
ше; гач 
-—— ‘eer 


ЕЧ‏ کا 

- 

- h 04 
— fw | 


d 
"= 


30 


1203 


Obser V itio ix began 


Mean of month 


720 


1904 


Mean ef an of month 


E 
+ 


і 


| 
1 
1 
| 
27 
B 


10 


o2 


1096 


104 


401 





1905 


Mean of month 


45 | 
12 
40 


E X0 


ЭЗ 
284 
471 
764 
Jol 
1521 
1774 
1627 
1488 
1411 
1318 

155 


507 
2 ! isd 
675 


Observations ceased. 


615 


1434 


| 
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In 1874-5 samples were take1 monthly at Cairo and submitted for 
ехатілайол to Dr. Letheby. 


MATERIAL IN SUSPENSION IN PARTS PER MILLION. 


Date Organic | Mineial | Total Date Organic | Mineral | Total 
Jan. 23,1875..| 19 | 148 | 167 [July 10, 1874| 91 s7 | 178 


Feb. 12 , ..| И 115 126 | Àug.12 184 1307 | 1492 
Маг. 19 4 ex i 10 23 Sept. 20 „ JM 483 543 
Aprlló ., ..| 5 | Ol 66 Oct. 12 „ | 46 | 332] 378 
May 13 а е. 1 38 48 | Nov. 12 . 21 307 344 
Јале 8,1574.. N 61 69 |} Dec. 12. 4 19 210 эң) 





In 1888-9 Mr. Pollard examiied samples факел twice moithly for 
twelve moiths at Cairo. 


MATERIAL IN SUSPENSION IN PARTS РЕК MILLION. 








Date Total Date Total 

Jan. 5,1889 .. ..| 136 | June 33, 1858.. .. ә» 
a b ы eS e| 128 July 7 p .. .. 14 
Feb. 3 ., 29. wal 102 AE 2s e оз. 60 


m 50 as ie gi Sí || Aug. 20 . .. ..| 1031 
Mar. 2 ,, "ECT GO | Sept. 1 „ .. ..| 2212 
4, 16 „n а 50 м 22 م‎ .. #.| 1030 
Ар! il . бй ей 59 | Oct. 12, .. ..| 1056 


4. 20 , "nm 40 | Nov. 3 „ .. ..| 813 
May 4 ,, en 32 » 11 , .. ..| A83 
QA ۽ ک1‎ ge. o 17 | Dee. 8 ., .. ..| 202 
Jule X188 .. .. fol „ 22 x c act 209 


Droop Richmoid?’ determiied the amount of suspeided matter from 
March to Septemb?r and 11 August took samples 01 six occasiois 
which show well the rapid 11crease of silt with the rise of the flood. 


MATERIAL IN SUSPENSION IN PARTS PER MILLION. 





{Chemistry of River Waters. 
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Droop Richmoid made also a few determinations at places up-stream 


of Cairo for which the results are as follows : — 


Probably dried at 100 °C. 


Parts per 
million 


Parts per 


— E» million 


Date Place 


арн. жанаа... аана. ини 


1591 


August 16..| Aswan — .. 1049 Sept. 13 ..| Assiut .. 1493 
M 27..! Beni-Suef.. 1481 е 14 ..| Minia.. .. 1522 
" 22..| Wasta - 1295 - 14 .. | Beni Suef.. 1473 
Е 22..| Atfeh.. .. ]472 " 15 ..| Cairo... ss 1516 
2..| Helwan .. ] 436 Aug. 15 ..| Wadi-Halfa 112] 
NEED TOP MET 1342 " 20 ..| Caio... .. 1004 








In discussing these determiiatiois of suspeided matter from samples 
collected at Cairo, the amouits for the moiths November-July are 
probably fairly accurate, though Mackeizie’s results for November 
seem high, perhaps for the reason give) by Willcocks. Those of 
August, September aid October are certainly of uiequal value. At 
this seasoi the river is flowing with a velocity of about 2 metres per 
secoid aid eddying curreits are carryi1g upward towards the surface 
from the lower portiois of the mass of water silt which gradually s11 ks 
again 11 the less disturbed parts; а sample of water collected from оле 
of these upward curreits may easily созба a far larger amouit of 
silt 11 suspeisio1 thai the average load of the river at that time. Only 
such data as are derived from samples {акел at 1umerous parts of the 
sectio. o1 the same date cai be reliable aid these should be take: as 
frequeitly as possible during the flood period. 

When it is remembered that the traisporti1g power of a river varies 
as the sixth power of its velocity, that doubling velocity i1creases the 
traisportiig power 64 times, it will be realized that in a large 
river full of eddies aid curreits moving with varyiig velocities 
the load of material 11 suspeisio1 must vary largely both vertically 
aid horizoitally. Eve) whe 1umerous samples from a well distri- 
buted series of poiits 11 a river-sectioi have beer takei, the bottom 
load has 10t yet bee1 coisidered. This is the coarser said which is 
partly carried 11 suspeisio1 by the bottom layers of water aid partly 
rolled aloig the bottom 11 the form of said waves; it forms a 
coisiderable proportio: of the total load carried by a river but is 
uiaccouited for 11 all the above determinations. 

From the foregoing discussio: ел it would appear that of some 
2100 yarts per milliois of material which is carried past Berber as a 
maximum, some 1,600 parts pass Cairo 11 years of average flood; 
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without layiig stress on these figures, which are but approximatiois 
aid take 10 account of the bottom-load, they show that a coisiderable 
amouit it is deposited 11 the river bed betwee these two рої 15, in 
coisequeice of loss of velocity as the more geitle slopes of the lower 
reaches of the river are met with. [h the wiiter moiths however the 
reverse takes place aid much of what has bee1 deposited is take: up 
as the river falls for the Blue Nile ceases to supply silt-laden water aid 
erosion takes place throughout the lower reaches. 

While it is the finer silt which is deposited 11 the irrigation basiis, 
o1 the shelviig baiks of the river aid on such parts of the flood-plai1 
as are a11ually flooded, it is the bottom load which is deposited 11 the 
bed of the river itself, aid this coisists of the coarser said which the 
current сал 106 carry so readily as the finer material. If the Nile mud 
15 treated by levigatioi so as to remove the fiiest particles of clay aid 
said the residue is a fine whitish grey said such as is seer formiig 
said baiks 11 the Nile wherever the coiformatioi of the river is such 
that the velocity of the flood curreit is reduced at that poit. 

[1 this Aswai-Cairo reach of the Nile the: we have to do with a 
river which is flowing with а low slope through ал alluvial plaia 
which it has formed aid which, if uicoitrolled, it a11ually floods, 
depositirg o1 the flood-plaiis part of its load of silt as the velocity 
of flood water is dimiiished. This is the first time in the study of 
the Nile basin that this particular form of river development has bee. 
exhibited. I1 the Bahr el Jebel 1ear Moigalla depositio: of suspeided 
material takes place but owiig to the frequeit bifurcation (a1astomosis) 
of the stream the velocity 15 soo1 reduced aid the silt is deposited 11 
the side chai 1els, backwaters, aid lagoois, so that 11 the lower reaches 
1011crease of the flood-plaii is takig place. The Blue Nile aid Atbara 
are still, or have but receitly ceased, cutting their chai iels, aid are not 
formi1g alluvial plaiis, while the Dinder aid Rahad, which are depositii g 
(see p. 225) have 10t carried the process far; between Khartoum aid 
Aswaı the fall is sufficient to maiitaii sufficient velocity and, as has 
bee1 showi above, the river 11 this reach is probably eroding its bed. 

North of Aswai the Nile exhibits all the characteristics of a river 
in its plain tract although it has bee: of late years to a coisiderable 
exteit trained aid coitrolled to meet the requirements of irrigation. 

Its valley is due 1n all probability to crustal fracture and movement, 
aid was 10t eroded by the river itself, but 11 it has beer laid dow 1 
during а long period the bed of alluvial deposit which has now a 
thickiess of from 10 to 18 metres, and overlies a deposit of coarse 
yellow saids and gravels which are probably of marire aid fluvioma- 


Y 


8 


z 
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rine origin. | As a river flows dowa the gentle slope of its flood-plai 1 
uirestraired by rocky walls ог barks of hard material, its path is а 
series of curves any obstacle will deflect the curreit causing the river 
to swing from side to side, aid erosion will take place o1 the outer 
side of the curves while o1 the 11side material will be 1ewly deposited. 
Ii this way curves become acceituated aid form what are kiowna as 
meaiders which both work down -stream aid also across the flood-plai1 
of the valley. The sharp curves modify their shape rapidly but the 
geieral swing of а leigth of the river from оле side of the flood-plaià 
to the other may exteid over lorg periods of time, [1 this swing 
from side to side of the valley the whole material is gradually sorted 
aid approximately levelled. 

These meaider curves often become so ob that the opposite e1ds 
of a curve approach closely till oily a narrow 1eck divides them ; if 
this neck is Jau1dated in flood the slope is ойе sufficient for a small 
chaiiel to be cut across the neck, aid this rapidly deepeis until it 
becomes the та cha11el; whei this has take: place both eids of the 
former cha11el rapidly become shallow as silt is deposited 11 the slack 
water, aid thus the former river bed becomes a semicircular lake 
Клот iı the Mississippi valley as а “oxbow curve." 

Ii Egypt where all the alluvial plain is uider cultivation, gcod 


Lo of such cut-off bends are seldom seei, but they are frequent 


in the Bahr el Jebel, aid aloig the lower course of the Rahad jand 
Diider (Plate X X VI) they also occur. 

Where a silt-lade1 river i1uidates its flood-plain the greatest 
amouit of deposition takes place aloig the baiks where the velocity is 
first checked, so that these are raised, aid beyoid them the couitry 
slopes away from the river; this is well show: 11 Upper Egypt were 
there isa difference of up to 3 metres 11 height betweei the laid by the 
river aad that aloig the edge of the desert. (Plate XL). Braiches which 
leave the maii stream flow along this lower couitry which 11 the natural 
state of the valley coitaiis swamps aid lagoois which are filled wich 
water in the flood season aid being imperfectly draiied remaii as 
waste tracts covered with swamp-loviig plaits. At ал earlier period 
of the Nile valley's history there must have beer a belt of such laid 
along the edge of the westeri desert which bou1ds 1, aid here and 
there traces of it still exist ; the preseit Sohagia сала] probably occupies 
the lire of ore of the braiches of ai earlier time, aid the Bahr Yusef 
is certainly оле, as it has all the characteristics of a stream meaideriig 
11 its flood-plain. 


! Se» also Egyptian Irrigation, Plate ІХ. 
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Throughout almost the whole of its course the Nile i1 Egypt flows 
on the easteri side of its valley aid while the earth's rotation has 
played its part 11 deflecting the stream to the right, the action of 
the wiad has probably bee: still greater. At low stage the river lies 
well within its bed aid but little erosion of the baiks takes place, but 
at flood this proceeds rapidly aid at this season, July, August, Sep- 
tember, the wind has a marked westerly compoieit which drives the 
water o1 to the right or easter1 baik. 

The Nile like every other river that has formed alluvial flood-plaiis 
works from side to side of its valley as above described aud has left 
clear traces of its action o1 either side, but it is 10t 1ecessary to 
co1clude from this that i1 early times the river filled the whole valley.' 
The deposits of Nile mud co1tai1iig shells of species now living 11 the 
Nile lie above the preseit Nile level, 30 metres 1ear Wadi Halfa, aid at 
Derr, at lower levels at Silsila aid other poiits of the valley, ad about 
6 or 8 metres near Cairo; these are the remaiis doubtless of ал earlier 
alluvial flood plain through which the river has cut дол to а point 
below its preseit level since for at least 5000 years it has bee raising 
its flood plaia by its aiiual deposit of silt. 

The resultait effect of this deposition duriig flood aiderosioi during 
the falling stage of the river has bee. to raise the river-bed between 
Aswan aid Cairo at the average rate of about 10 ceitimetres per centnry 
duriig the last 2060 ог 3000 years, aid certaiily for a much loi ger period. 

Evideice for this depeids maiily o1 the levels of aicieit floods 
which are recorded at Aswai aid at the temple of Каглак. 

The 1ilometer at Elephaitiie is ол the east side of the islaid aid 
opposite to the tow1 of Aswan at the foot of the cataract. To-day it 
coisists of a siigle stairway of 52 steps, parallel to the quay-wall, after 
which it turis to the east aid opeis o1 to the river through a doorway 
11 the wall. At the time of the visit of the Freich expeditior 11 
1799 10t oily did this portion exist but also a1 upper stairway about 
20 metres lorg leadi1g westwards 11to a small room through which the 
Nilometer was reached. All this upper portion has now disappeared 
except the bottom seve1 steps which are partially covered by the wall of 
а moder1 water-wheel. Of the scales for recordiig the heights of the 
Nile, two are 01 the east wall, viz., the arabic scale of 1869 divided 11to 
pics aid qirats, aid the marble scale now 11 use which is divided metri- 
cally aid 1umbered to show the height above mea sea level; on the west 


' Мазрето, “Dawn of civilization.” London 1896, p. 6. Petiie, “Ten veais digging in Egypt,” 
London 1892, p, 73. 


— 814 — 


wall are the remaiis of a10other Arabic scale, аза of one 1umbered with 
Greek 1umerals which is that which was used i1 late Egyptiai times. 
This scale 1s cut 11to the wall 11 lergths of оле, two, or three cubits, 
each cubit being further subdivided 11to 14 half palms. The cubits 
themselves аге 1umbered with Greek 1umerals placed beside the scale, but 
11 the case of the lowest cubit which it was possible to measure o1 April 
15 1896 the demotic numerals for 17 as well as the Greek were visible. 
Ihe highest portio: of the scale is a sigle cubit, the twenty seventh, 
but no numeral is now legible; the 1ext is a single cubit with the 1ume- 
ral 26 11 greek letters plaiily cut; below this is a single cubit marked 
25, which is followed by a leigth of two cubits 1umbered respectively 
24 ала 23. 1:8 metres further orth is а leigth of two cubits, 22 
aid 21 while 2:99 metres from the 1orth eid of the 10rth aid south 
portio1 1s a legth of three cubits with the 1umbers 20 aid 19; beyoid 
this 15 a short leigth of a scale which does 10t beloig to the ore now 
being described aid perhaps beloigs to ai earlier оле. 2°35 metres 
beyoid the laidiig aid леаг the outer face of the quay wall is a leigth 
of оле cubit beside which the demotic 1umeral for 17 сал be read. 
The leigths of the cubits are give 11 the following table and the 
height of the top aid bottom of each above sea level shows the very 
moderate accuracy with which those who cut them were satisfied. 


Height above 
sea level of the top 


No, Cubit. Teng t, ы 
the cubit, 
иеге metes. 
|. A^ VII яе 0 C1101 11 level 4 cin. 
I. | XXVI | 35 |} ма (о ВИ 4 em 
HL | XXV 520 0:024 
XXIV ‘5185 30: 106 
| АШ Lex ; 39.581 error 11 lel 5 mm. 
| xxu | чю 0 4:059 UU 
XXI эю |} ms 
sx | om | ER 
" | XIX эп} ш 
| A VII ™ | NAM Cıroı In iul 65 em. 
VIL | XVII 520 ; Е | 
Mean length of a cubit 0*5232 | si "EE 
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to staid dry are now wetted a11ually aid at last may pass below the 
permaieit water level of the soil. Ii this way the foundatioi courses 
of the columis of Kariak Temple have gradually deteriorated by the 
combiied action of subsoil water aid the acids derived from the 
decompositio1 of orgaiic matter from the coptic village which 11 past 
ceituries filled the temple, uitili1 September 1900 the fou1datioi 
blocks of ore columi were crushed by the superiicumbeit weight aid 
11 1ts fall it overthrew others. 

The nilometres of Aicieit Egypt are of great 1 1 terest to the studeit of 
the Nile as they furiish a record which exteids back for about 5000 years. 

Remaiis of Nilometers, or records of the heights reached by the Nile 
11 flood in aicieit Egyptiai times still exist at the followiig places:— 


Place Remniks 
SEMNAceccsees Flood levels of Middle Empire. 
KUBOSH....... 2 copies of а cubit numbered 21 cut on an old quay wall. 
TATE ebd T wo cubits cut on an old quay wall. 
PHILAE...... . Onilometer scales of about 17 cubits in the 1ilomete: stai: way. 


Pait of a iudely cut scale in the west staiı way. 
An insciiption recording the height of an unusually high 
Nile on the gateway М.Е. end of the island. 
ELEPHANTINE.. Nilometer of 28 cubits. Fragment of an old nilometer 
at Aswan. 
Iisciiptions of Roman time recoiding high Niles. 
Ком Олво.... А nilomete:, but it is not now accessible. 


SILSILA <... Flood mark 

ЕО ооо Nilomete:, of which 6 cubits can be scen, the highest being 
numbered 20 

EsNA..... нь Nilomete:, of which 10 cubits сап be seen, the highest being 
1umbeied 21. 

KARNAK ...... Numerous Flood level marks of late New Empire. : 

LUXOR сеза Nilomete: of which 7 ğ cubits can be seen. 

TEHNE........ Inscriptions. 


Ком EL Giza..  Nilometer. 
aıd they have beeı discussed by Dr. L. Borchardt i1 his paper o1 
“ Nilmesser und Nilstandmarken,” of which he has kindly giveı the 
followi1g summary. | 

* T he height above sea-level of correspoidiig poirits of the aicieit 
і Потеќегѕ 11 Egypt aid Nubia have bee: determined with the aid of 
the beich-marks of the Irrigation Departmeit and the zero points of 
the 1ilometer scales were fouid to lie in a lire iicliied to the iorth. 
[1 Nubia the lise is seisibly parallel to the water-slope, but тог of 
Aswaa it is coisiderably less 11cli1ed thai the flood-slope ; coisequeitly 
a flood was indicated by a higher readiig ол the i11lometer at Aswan 
thai ол that of Roda at Cairo. This explaiis the statement fouid 11 
the egyptiai inscriptions aid the works of the greek aid roman 
authors, that the Nile ii very good years rose 28 cubits at Elephaiti1e, 
21 cubits at Koptos, 14 at Roda ard 7 11 the Delta. From the slope of 


— əli س‎ 


the lire determi1ed by the zero poiits of the 1Потеегз, the altitude of 
the zero of the aicieit 11lometer at or 1ear Roda may be approximately 
obtai лед, aid after calculatii g the secular rise of the bed it cai be deduced 
that the flood levels about 3000 B.c. which are recorded o1 the Palermo 
store aid the data coiceriiig Nile floods give by the greek aid roma 1 
authors agree well with those of to-day.” 

It is much more difficult to obtain алу satisfactory estimate of the 
rate of 11crease of the flood-plai1. The rate of deposit varies so greatly 
at differeit points aid 11 so few 15 there aiy satisfactory meais of 
determi1iig the period during which алу giver thickiess has been laid 
dow that the results which have beer obtained are at the best but 
very rough approximatiois. Horner’ 11 his researches at Memphis 
fouid the base of the colossal statue of Ramses II to be 2°90 metres 
below the preseit ground level correspoidiig to a rise of about 9 ceiti- 
metres per ceitury. At Heliopolis 10 kilometres iorth of Cairo the base 
of the obelisk dating from 1850 в. c. is 1:65 metres below the preseit 
level; Ventre Pasha’ estimates the rise atabout 20 ce1timetres perceitury, 
or by aiother estimate based o1 the rise at Roda islaid at Cairo 14:3 
ceitimetres ;? at Naukratis Petrie fouid evideice of a rise of 12 ceiti- 
metres per ceitury. Borchardt fouid at Abu Gurab aid at Abusir a 
rise of 13:5 cei timetres per ceitury. These results seem to show that the 
laid has rise: slightly faster thai the river bed but evideice is insuffi- 
cieit to establish the matter; at all eveits it may be coifideitly stated 
that 11 the future with the greater part of Egypt uider регез 11а] irriga- 
t101, and receiving 10ta11ual11uidatioi but water supplied throughout 
the year, the river bed will rise more rapidly thai the flood plaiis. 


Hydrography.—In this reach of the river its waters are required 
for the irrigation of the fertile flood plaiis, aid so large a1 amount is 
акел off for this purpose by 1umerous canals, that we 10 longer have 
to do with a river uider its 10rmal coiditiois, while the Delta Barrage 
aid the more receitly coistructed Assiut Barrage raise the water-level 
up-stream of them 11 low stage, aid coisequeitly also the level of the 
water-table 11 the soil of the valley. Few observatiois have bee1 made 
o1 this latter poiit although it 15 a matter of coisiderable importaice. 

Ihe Roda gauge, from its lorg series of observatiois, would be of 
inestimable value ifits records were trustworthy, but, uifortu rately, this 


1 Phil. Tians. Roy. Sou. 1855. 
* Bull. Inst. Egypt., Cairo 1320. 
3 s Zeitech, ftir Aegvpt Sprache,’ 


1 


Ieipzig. 1896. p 105, 


ne AE 


has 10t always bee the case. For тазу years past, at least for two 
ceituries,thesheikh of the 1ilometer has beei 11 the habit of recording the 
height of the Nile by marks o1 the wall, aid by the steps of the well i1 
which the 1ilometer column is erected, 11stead of by the scale of cubits 
which is cut o1 the column. The cubits which are used by him are 01 
the average 0°54 metre ii leigth from the first to the six-teenth cubit 
1iclusive, 0°27 metre from the seveiteeith to the tweity-secoid cubit 
i1iclusive, and 0:54 metre for the tweity-third aid all higher cubits. 

The values give: by Chélu? aid by Willcocks’ for the leigths of the 
cubits differ slightly. Cubits 14, 15, aid 16 have bee: given by the 
latter as 048 metre to 0°49 metre oily. However, the method of 
observation was certaiily 10t оле of great accuracy, aid 10 coisiderable 
error will be introduced 11to the discussio: of the yearly maxima if 
the values givei by Willcocks are take: as бело correct. 

Uifortuiately, no original documeits earlier thar 1873 A.D. now 
exist 11 the Miiistry of Public Works, Cairo, by which these readiigs 
may be verified. The series published by Ali Pasha Mubarik,! which 
is supposed to have bee) take: from original documents, 15 giver for 
Mohammedaa years, aid when the Бест 111g of a year, the 1st Mohar- 
rem, falls 1ear the date whe1 the Nile is highest, there is some doubt to 
which year the recorded maximum belongs, as 10 day of the month 13 
meitioied. From 1846 to 1878, however, there was a series of readii gs 
at the Delta Barrage, 25 kilometres dow1-stream of the Roda gauge, 
which serves as а coitrol. It will ther be best to take the maximum 
readings as givei by Tissot," where the date of the maximum readiig 
recorded is givei for each year There 15 aiother series from 1737 
A.D. to 1800, which appears to have bee recorded ил ег similar cordi- 
tiois, the raige being much the same; aid whei the readiigs are 
coiverted to metres 11 the same way as those from 1825 to 1872, the 
meai maximum 1s 7'02 metres for the former as compared with 7°17 
metres for the latter. 








1 See also “Description dc llEgypte," vol. 18, Paris 1825; Matoug, "Données utiles sur ke cine du 
Nil,” Alexandiie 1882; Ardagh, Pioc. R.G.S., 1889, p. 28; Manoug, Proc. R.G.S., 1889, p. 245. 
? Le Nil, le Soudan et l'Egypte," рр. & and 87, Paris 1891; but the values on these two 


pages do not agiee. 

3 Egyptian Irrigation, App. V, p. 472. London, 1899. 

4 “EI Khitat el Taufikia el Gedida li Misi el Kahira,” chap. X VIII. Calro 1306 A.H. 

5 "Statistique de l'Egypte," Cairo, 1883. 

б It should be mentioned that the original observations were made according to the Coptic 
(Julian) calendar, and Ali Pasha Mubaiik has converted Шеш into the corresponding Moham- 
medan years. Here, however, an error has crept in. No Nile maximum occurred in the year 1270 
of the Нерпа, one falling atthe end of 1269 A.H., and the next at the beginning of 1271 A.H., though 
he has recorded that for 1271 A.H., as if it belonged to the уем 1270 А.Н. and so on. Thus all the 
Nile floods from 1854 ty 1862 are given а vear too emily ; but by iecoiding the floud of 1862 to 
both 1278 A.H. and 1279 A.IL, the years after this have been made cor rect. 
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The Delta Barrage’ records are less ambiguous. They exteid from 
1846 to 1872, aid were kept daily for the whole year, aid 1ot for the 
flood oily. No originals of these appareitly exist 11 Egypt now but 
the maxima are givei 11 “Statistique Géiérale de l'Egypte,"? aid 
copies of all the observations were seit by Store Pasha 11 1880 to 
Coloiel Doiielly, by whom they were give) to the Scieice aid Art 
Departmeit, Loidoi,’ but these ca110t now be traced. 

The daily readiigs of this gauge for 1846-7-8-9 аге giver by Jomard 


aid Malte-Brui,' aid 5-day meais for 1846-1861 have bee: published 
by d’ Arnaud.’ 


MAXIMUM READING 


Yea Se =—— Difference 
Roda gauge 6 Barrage gauge 


ee el 


metics meties meties 
15106 1*22 1°24 —0*31 
1847 1*10 06°48 —0*62 
1848 4°40 1°53 —(*17 
181 7°08 1°39 —(*33 
1850 6°46 6°15 —(0*33 
1851 ° 7°38 — (0:39 
1852 6°35 0°01 —0*3+ 
1853 (dd °10 —(}'01 
1854 (*22 T°) —0*05 
pun 6*20 ТЫН! IM. ' 20 
1856 о 7°40 —O° 29 
1857 6°48 6°09 —0*39 
1858 6*40 От —0*33 
pe 0.32 LE —() 4? 
1860 1°07 °З —0*40 
es 7°00 
1862 7°04 6°65 —0*39 
1563 S°1l Ps —(*35 
1864 205 2*'80 —()*15 
1805 (^02 0°52 —0*50 
1566 3°31 —-0° 55 
1807 0°40 0° — 00S 
1868 5'57 5°53 —0Q*04 
1869 8°40) °85 —(Q'5»2 
1870 1°03 1°00 —(* 1? 
1871 7°38 7°48 +0*10 
1872 7°09 1°32 —0*33 


Roda-Ba iiagez:0*30 


ГА point 25 kilometres below the Roda Nile gauge. where the Rosetta and Damiette branches 
di veige, the real apex of the Delta. 

1 Cain, 1879. Also see Fritz, ©“ Meteorologische Zeitschiift." 1850, р, 303, 

3 Nature.” vol. 25, р. 269, January 19, 1852. 

4 Bull. Soc. Géog. Paris, April, 1864. 

> 5 Mémoires de l'Inst. Egspt.," t. 1, p. 115. Paris, 1861. Also *Zeitech. f. Allg. Erdkunde” Bd. 14, 

5 These are the levels given by Tissot; Willcocks levels are about 0'24 metie higher, and are 
referred to а zeio 125 meties above sea-level. The Barrage levels given are above а zero which 13 
said to be 12:05 metres above sea-level. Recent levelling makes the difference between minimum 
summer supply level at these points 0°30 metie, while the flood levels differ by about 2 metres. 
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In about seven or eight years the differeices are irregular, due 
perhaps, 11 some cases to breaching of baiks, perhaps to iicorrect 
records, but in three cases the years are those of exceptionally high 
floods, aid thus the twenty or thirty ceitimetres will not affect the 
argumeit. (Genierally, thei, it may be said that as far back аз 1846 
the data are sufficiently reliable. If, thei, the Roda gauge records are 
so far reliable, it would seem that the others from 1825 to 1845 might 
also be accepted, though at this time there is no other gauge to confirm 
them. It happeis, however, that from 1825 to 1839 the floods of 
1829 aid 1834 alore exceed the meai of the maximum readiigs 
1825-1872, aid therefore confirmatory evideice that twelve of these 
years were abiormally low is very desirable. That i1 1829 the flood 
was a1 exceptionally high ore is meitioied by Barker’ ii a letter 
dated September 1, 1829. Curzo1” meitiois that 11 1833 the flood 
was feeble aid late, so that on August 28 9 feet more were ieeded 
to eisure ai average crop. The years 1836 aid 1837 were very low, 
especially the latter, aid this is recorded by Holroyd, who says 
“the rise of the Nile this year (1837) is less thai it has bee for 
five or six years past;" aid also by Bowriig.* Russegger also men- 
tions that the Blue Nile had already falle» at Khartoum 2 feet on 
August 20, 1857, though it rose again 01 August 30. 

Lefébvre says that of the five years 1839-1845, during which he 
was 11 Abyssiiia, two had excessive rainfall, while three were deficient." 
These would correspoid with the high floods of 1840, 1841 aid 1842, 
aid the low ores of 1839 aid 1843, so the numbers of dry aid wet 
seaso1s seem to be misplaced. 

Thus we may accept the Roda maximum gauge-readiigs as suffi- 
ciently accurate for investigating the question of the yearly variation 
of the Nile flood. | 

The maximum readiigs of the Roda gauge 1736-1800, aid from 
1825 to 1872, together with the differeices from the mea1 maximum 
and also the five-year means аге givei below, as well as the same data 
for the gauge at the Delta Barrage. 


i Syria und Egypt under the Iast Five Sultans of Turkey, vol. ii, p. 110, Iondon, 1876. 
? Visits to the Monasteries in the Tevant, p. 27. London, 1860. 

8 Egypt and Mohamed Ali Pasha in 1837, p. 28. Iondon, 1838. 

4 A Report on Egypt and Candia, p. 14. Iondon, 1840. 

5 Reisen in Europa, Asien und Afrika,” vol. 4, p. 413. Stuttgait, 1844. 

6“ \оүаре en Abyssinie,” vol. 3, р. 10, Paris, 1810, 
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MAXIMUM READINGS OF Ropa GAUGE, 1737-1800. 





= 


Diflereuce 
from met 


Difference 
from mern 


Five-year 


ci 
A.D. Metres mean metres 


noo —— ишт== АША сааса Maa aa a саса 


Pik. Qlrat. 


1737 20 18 0°39 —Q'63 — — 

1735 21 ]2 КЫ 07 +1*07 — — 

1739 23 12 ПЫН! +0°52 7°49 +47 
1740 >р 0 7°00 + 0°04 TT? +0°70 
1741 2) 8 1 * A6 +044 7°50 +0° 48 
1742 23 12 Toad + 0°52 7°44 0742 
1743 2? 12 (*00 —() 4); 4 512 + 0°40 
1744 23 0 7°20 -0* 24 (^43 --0*41 
1745 21 0 (^83 +0°81 Pad 3-052 
1746 25 19 7°11 +()° 60 Zeal +()° 4% 
1747 4 3 7°80 TO'ST (^38 -0*36 
1748 22 6 O°S7 —(}*15 ren +0°27 
1749 2] 12 6*59 — 0'43 7°31 +()° 29 
1750 эу 3 (^30 +0°37 7°24 +022 
1751 21 0 (^83 H0*81 7°45 + (0°43 
1752 2: 12 il +052 7°43 +0°41 
1153 21 3 (°8 + 0.87 TH J-0* 42 
1754 21 6 0°52 —0*50 7°44 +0*42 
1755 23 6 7°41 4-0*3t 15 -0*53 
1756 21 Ө 7°33 +0°31 7°59 + 0°57 
1757 21 12 S09 +107 7°62 + 0°60 
1758 21 12 3۰00 +107 7°56 +0*54 
1759 21 19 G°68 —(° 34 7°50 +()°48 
1760 22 17 7°11 + O° 00 7°16 +0°14 
1761 23 12 fot --0*52 TO | 0*00 
1762 30 17 O°37 —()°65 7°25 TO 223 
1703 23 Û °41 +0939 (^31 + ()* 29 
1764 21 0 7°85 +0°8[ (^20 +(Q°IS 
1765 23 3 7°36 +0.37 1719 34-0717 
1766 2? 1? 7°00 —0'02 6* UT —0*05» 
1767 20 12 0°32 -— vis 105 HOOS 
1768 23 5 7°39 + 0°37 7°00 —()°02 
1709 23 12 iad + ()*52 7°03 + (O° OL 
1770 21 12 0°59 —Q 3 6* 70 —0*32 
1711 23 (€ (^41 +0°39% 6*s0 —1()* 13 
1712 19 16 O° OO —()° 93 6°71 —0*31 
1773 31 Û 6°52 —0*50 650 —0Q*13 
1774 22 0 O°S7 —0*15 7°07 + 0°05 
1715 25 12 TL --0* 52 6^ 39 — 0'13 
1776 21 6 6°52 —() 50) 7°07 + 0°05 
1777 29 1» 7°00 —(*02 7°26 +(Q° 24 
1778 25 06 7°41 + 0°39 7°26 +Q°24 
1779 21 0 7°87 +01 7°35 4-073] 
1730 25 12 7.5 +0*52 7°07 + 0° 05 
1481 22 0 0°37 —(0*15 6°72 —(}: 30 
1782 IS 6 5" 70 —]1*32 0°31 —0'71 
1733 18 2 3°06 —1°36 0°04 —(* 95 
1784 18 12 DTT —1'25 6*02 —1°00 
1785 20 0 6°18 —()*84 6* 30 —Q'72 
1786 22 2 6°78 —(*24 6°57 —0'45 
1757 22 17 7°11 + 0°00 6°77 —()° 25 
1755 22 12 7°00 —(*02 6°37 —Q0*15 
1739 22 2 6* 7S8 —(0*21 6* 80 —Q°2? 


F.Zero is 12: 50 meties above sea-level. 
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Ropa GAUGE, 1737-1800 (continued). 


Ditterence Five-year | Ditlele1ce 
A.D Metres : 

fiom mean mean metres | from mean 

Pik. Qrrats о ү ТОО 
1190 31 18 6°66 —()* 30 ТЫР. —()' 13 
1791 2] 0 6* 46 —()* 56 0'43 —()° 5!) 
1792 | 19 14 6°07 —0*905 6285 —0* 74 
1793 30 0 0°18 —()* 84 6*23 —( 70 
1794 19 12 6*04 —Uü* O98 6*2] —4(*4]1 
1195 30 21 6* 42 —() 00 6260 —()' 16 
1796 20 12 6*32 —( 10 6* 45 =] 
1197 20 16% 6*30 —()* 66 оо 1 | —0O'46 
1795 22 93 °24 +()°2? O° 45 —4() 21) 
1799 20 23 6*44 —(* 58 — — 
1500 23 2 1.31 40:229 — | — 
Mean .. 7°02 1.02 | 


Maximum NILE GAUGE-READINGS АТ BARRAGE, 1816-1575. 


A. D. Metres Difference from meal | Five-\ear mean | Difference from meau 

metres mu metres шесе 
1546 7°24 +40:33 Р 
1547 6* 4S —0*43 e - 
Lats 7°33 + 0°62 067025 3-0: 02 
1849 1*32 C-0*44 ТАЛ +004 
1850 6*13 —0' 1S8 6*90 —U0'u3 
1551 7°38 +0° 4 002 —('0] 
1552 6°01 —(0*90 6*96 +003 
1553 7°76 + 0°85 06792 —4()*01 
18554 150 +050 6705) 0°00 
1525 5:94 —0'97 6* 95 +()°Q2 
1850 7°46 4+ 0°55 0*6] —(» 32 
1557 6* QU —Q°S? 6720 —Q'64 
1558 6* 0T —()*,^4 ТЫНА, —Q'* 34 
1859 5°00 —]1:uUl b'6l —(Y 352 
1360 7°27 + 0°30 0°72 —()°21 
1561 iis +(Q°S? 7° OG +013 
1502 0* 62 —( 26 1*04 +011 
1863 (^19 + 0*82 DONI —(}* 04 
1504 ye Sd —1*1] O° St —O°O4 
1565 ТЫНУ, —(:39 0°84 —0*09 
1566 "PIT -0*85 6°46 — °4 
1507 ПЕК —0*53 087 —()*06 
1868 9°82 — 1'05 1^00 4-0* 13 
1509 1°35 +0°04 7°01 4-07 05 
1470) 7°50 + (9° 3540 ae + 0°26 
147] (^ AS + 0°57 7°30 +0°3b 
1812 1°32 +0° 41 4°35 +0° 42 
1873 0*45 —()*46 (^28 +0:35 
1514 0°08 41°07 (*28 +0*35 
15725 t * L5) +0524 DSD J-U0* 08 
ا181‎ (°50 +0° 50 7°20 TU0'2j 
1871 DIS —1°73 - а 
1878 3°20 +1°29 - a 
Mean .. .. 6°91 | 613 | 








! Fritz in Met. Zeit.. vol. 15, 1880, p. 303. 
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As the river falls 11 the winter moiths, its level will be reduced 
below that of the water-table of the flood plaii so that this water will 
fiad its way hack iito the river 11 greater or less quaitity according 
to the porosity of the stratum. Eve 11 Nubia this takes place to 
some exteit aid 1ear Serra about 15 hilometres 10rth of Wadi Haifa 
on the west bark water cai be seer at low stage tricklig over the 
surface of a rock 11to the river. B 

[1 Egypt 10t талу observatiois have been made on this point but 
during the flood of 1905 Mr. Naus’ observed the level at Nag Hamadi 
of four oper wells (saqias from which the wheel and pots had been 
removed) from Jurie to October, aid the results are show1 o1 
Plate XLI. 

There is aiother source of water supply 11 this part which, though 
it does 10t affect the regimeit of the river, is of coisiderable practical 
importance aid merits more careful investigations thai it has yet 
received. | The easteri desert has already бее described as Бело 
draiied towards the Nile by 1umerous wadies, dowi which at со1- 
siderable intervals the water from occasio1al raii storms pours; in the 
more 1ortheri part of this desert rain is more frequeit aid each wiiter 
several heavy гаі occur. These furiish а pereiiial supply of water 
11 the larger wadies, 11 the lower reaches of which there exist wells 
of + to 5 metres in depth suik by the Arabs ш the gravel; in these 
a small depth of water is maiitaiied coistaitly as it flows through the 
gravel o1 the rocky bed of the valley uıtil it reaches the Nile Valley 
where it stiks into the coarsely saidy beds which pass under the 
modern alluvial deposit of the Nile mud. Wells of moderate depth 50 
to 60 metres have of late years bee1 bored extensively 11to these saids \ 
for purposes of water supply with satisfactory results, but whether y 
they draw a part of their supply from the Nile itself where it has ui 


its bed dowı 11to them is still uıcertal 1. 


The Chemistry of the Nile Silt and Nile Water.’—A 
coisiderable amouit of chemical work has Бее dore from time to 
time o1 the compositio: of both Nile silt aid Nile water. The 
first published ала1уѕіѕ that can be traced was a determination of the 
compositio of the silt made in 1812 by Reg iault.*” Sometime betwee 1 


ee a -— 0 Я — س‎ 2. штей 





і The results have heen kindly communicated by Hon. A. Davey Ditector of the Company to 
whom I am indebted for permission to publish them. 

* Dy Mr. A. Lucas, Е. 1. C. Superintendent of the Survey Depiitinent. Tabotatory. 

3 © Desciiption de l'Egypte,” Tome XX, Paris 1824. 
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Mackenzie’ published the results of а coisiderable amouit of work 
dealing with the compositio: of the Nile silt aid the proportion 11 
which it occurs in the river at differeit periods of the year, aid he has 
11 preparation further work ол the same liies. [n 1902 ore sample 
of water from the Bahr el Gebel, Bahr el Zaraf aid Sobat respectively 
were analysed i1 the Survey Departmeit Laboratory. 

I1 October 1904 a regular and systematic weekly examination of 
samples of the river water was commeiced by the Survey Department 
Laboratory 11 соз тесйїо1 with the coitrol of certaii said filters at Giza.” 

А coisiderable amouit of the chemical work dore 11 the past 11 
co11ectio1 with the Nile coisisted in the examiiatioi of sigle samples 
of either the water or the silt, and the results obtaied are compara- 
tively useless o1 accouit of the great seaso1al variatiois 11 the state of 
the river. The value of much of the work too is largely discouited by 
the fact that very frequeitly 10 details are рлуел of how the sample 
was takei, the place from which it was факел or the marier 11 which 
it was examiied. No work whatever appears to have beei dore on 
either the 1ature or amouit of the gases dissolved 11 the river water. 

A brief summary aid criticism will now be given of the most 
importait of the results obtained up to the preseit by the various 
11vestigators already alluded to. 

The chemical aspect of the Nile may be coiveiiently coisidered 
uider the followiig heads, 1amely :— 

(1) The 1ature of the matter in suspension. 

(2) The iature of the matter i1 solution. 


Matter in suspension.—Noie of the results of the various 
published a1alyses сал be coisidered as eitirely satisfactory or as final. 
This is more particularly the case with all those дай те before Letheby’s 
work i» 1874-5. [1 зо i1staıce is the 1ature of the “iisoluble matter" 
stated ; 11 тату cases the oxide of iron aid alumiia have beei grouped 
together aid not determiied separately ; the carbon dioxide aid 
moisture are frequeitly both omitted, while the orgaiic matter aid 
combi1ed water are geierally determined by “difference” or deduced 
from the perceitage loss of weight of the sample o1 ignition. 

The first attempt to determiie the actual ature of the Nile silt 
apart from its ultimate chemical compositio: was made by Judd. 


1 The Manutial Value of Nile Mud. Mackenzie, Jour. Khed. Асис. Soe., Cairo 1899 ; also 
Manutes in Egypt and Soil Exhaustion. Mackenzie and Foaden. Joni. Khed. Agric, Soc., Cairo 1899. 
? The results of most of this work will shortly be published by the Survey Depatitinent.. 
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who referring to some samples of Nile deposit from Zagazig, says’ 
that the specimeis coisisted of said aid mud mixed with varyiig 
quantities of organic matter, the said coitaiiiig felspar aid other 
complex silicates 11 a early unaltered coiditior, while the mud was 
formed of “particles of the chemically uialtered miierals reduced to 
the finest dust by purely mechanical ageicies,” aid kaolin appeared 
“to be almost altogether abseit.” If this is true of the Nile deposit 
it must be equally true of the silt i1 the river from which the deposit 
is derived, aid ore therefore naturally turis to the published a1alyses 
of the silt expectiig to find the same facts clearly shown, but although 
пал у aialyses have bee1 made from time to time, yet as Judd points 
out, 11 101e of these a1alyses has the combiied water beei determiied 
separately, aid 11 101e of them has ату attempt bee1 made to distii- 
guish the alumiia existing as hydrated silicate (kaolin) from that 
preseit 11 other combiiatiois ; 11 fact 11 most of the analyses as 
already stated the alumina has 10t еуел бее determiied separately 
from the oxide of iron. The very importait fact therefore of the 
perceitage of kaolin preseit 11 the Nile silt, or ever whether it is 
preseit at all has beer left uidetermi1ed. 

The following a1alyses may be quoted. These are 10t ‘giver іл full 
but oily so far as they bear ол the matter uider coisideratio:. The 
carbon dioxide is Nos. 2, 3, aad 4 has beer calculated from the calcium 
and magiesium carboaates givei in the original analyses. 


° Ingredient (1) (2) (3) (4) (5) 

A ^ Á 4 5 
Insoluble matter and Silica ..| 48°07 49°33 53:04 53°00 50°37 
Alumina .i .. .. .. .. 19°08 13°60 8°76 14°57 21°90) 
Carbon Dioxide .. .. .. .. 1°47 4°78 1°84 0,04 1°66 
Moisture .. .. .. .. .. 5°98 - к - | 
Watei .. . GK А 12°10 11°52 


Organic Mattei, ete... с es S* A3 4°83 003 2.81 
Uidetermined and loss .. .. 0*59 T И 10°58 0°11 


In the abseice of direct evideice it was thought that possibly the 
1idirect indications might be helpful, aid so the whole of the alumiia 


[aT 





1 Repoit on the Deposits of the Nile Delta. Prove. Roy. Soc. No. 240, 1886 and Vol. 61. 

(1) Mackenzie. Journal Khedivial Agricultural Society, Vol. 1, p. 102. 

(2) Sickenberger “La configuration Géologique tles Environs du Caire." Le Сапе, 1890. 

(3) Biazi2i1 under superintendence of Hofmann. Phil. Trans. Кол Society 1855. Part. I., p. 105. 

(+) Muntz. “ Rapport à l'Academie des Sciences de Paris,” quoted by Sickenberger іп “La confi- 
guration Géologijue des Environs du Саше.” Le Сапе 1890. 

(5) © Muséum d'histoire naturelle à Paris.” Quoted by Ventie Bey in “Sol Egyptian et Engtiais," 
" Bulletin Institut Egyptien," No. 10, 1889. 
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ргеѕе1 11 the above aialvses has beei calculated to Као with 
the following results 


Ingredient ] 2 3 1 5 
Яр £3 
Kaolin .. .. .. .. с. ..| 48:35 | 3°46 | 22°20 | 367902 | 55:50 
Containing Combined Wate: .. 0°72 4°79 3°08 5°13 7°71 


The various perceitages of combiied water thus obtained are 11 
every case less thai the figures show for orgaiic matter, organic 
matter aid uidetermiied, or water, orgaiic matter, aid nidetermiied. 
as the case may be, ancl si1ce these several ingredients 11 the a1alyses 
are probably simply the “loss 01 ignition”? less carbon dioxide, it 
follows that 11 10 11sta1ce cai it be proved from existing аза]уйса] 
data that kaolin is 106 present. 

During the whole of that period of the year when there is a fair 
amouit of sedimeit 11 the river it 1s fouid to be almost impossible 
to produce by sedimentation aid filtration a water eitirely free from 
opalesceice, aid it 1s oily by the use of some coagulait, such asalum 
that a bright aid clear filtratecai beobtaived. Some of the suspeided 
matter in the river is therefore i1 a1 extremely fine state of division, 
aid it is probable that the greater part of this very finely divided 
matter is 1ever deposited at all, either in the river chaiiel or on the 
бал ks, aid herce the abseice of kaolin from Nile deposit would be 10 
proof that this 11gredieit does 10t occur in the river. Further, no 
deposit from any оле locality сал be coisidered as necessarily repre- 
sentative of the geieral ature of the river silt. Writing o1 this 
question Regiault says: “Il faut observer que les quaitités de silice 
et d'aluminie varieit selon les lieux. ott Гоп preid le limon ; sur les 
bords du Nil le limo: tieit beaucoup de sable; et lorsqu'il est porte 
par les eaux de l'inondation dais les terres éloigiées 1 perd en chemi. 
une quantité de sable proportionelle à sa distaice du fleuve; de maniere 
que lorsque cette distaice est tres coisidérable on trouve l'argile 
presque рог.” ' 

Clay soils occur very exteisively 11 Egypt, but whether this clay is 
hydrated silicate of alumina or 10t ca1iot be stated ; it has all the 
physical characteristics of true clay aid is very sticky aid plastic whe. 
wet aid cracks and becomes hard whei dry, while it has bee1 used 


| Description de l'Egypte,” tome ХХ. Paris 1824, 
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lowest from September to December. The following tabular statemeit 
will make this clear. 


Nitiogen per cent Nitiogen per cent 
Month in total Month in total 

suspended па ет! suspended. matte: ! 
Jantar Ves ss че жа 0: 0030 dU ua эъ ак on 0*6120 
Fobiuaiy. .. e. .. 0* 0635 August .. .. .. 0* 6180 
Maich .. .. .. .. 0* 0842 September. .. œ O°O161 
April. же es 398. же 0* 1056 October .. .. .. 0* 6232 
d$ a dee та ae эз 0* 6030 November .. .. 0*0370 
Hs жи фе sa DES 0° 7030 December. .. .. (0.03604 


From these figures Dr. Mackeizie argues that “as far as nitrogei 
IS conceried. ...... the suspeided matter of the red water is of 
less value thai at ary other period." ! 

lakiig equal weights of the sedimeit at the differeit seasois this 
is doubtless true, but the amount of silt itself 18 very much greater at 
the time of red water, aid heice the total amount of nitrogei is far 
higher during the flood thai at ary other period. 

This fact is well illustrated by the results obtained 11 the Survey 
Departmeit Laboratory 11 the ехапизайо1 of the uifiltered river 
water. As $001 as the flood arrives the amouit of albumiioid ammonia, 
which is a measure of the 11trogei1ous orgaiic matter, at олсе 10tably 
increases aid this 11crease 18 due to suspeided aid not to dissolved 
material. | | 

Ihe following are the results obtal 1 ed :— 


MILLIGRAMS PER IITRE (PARTS PER MILLION), 1905. ° 








Ibuminoid 
Month ENO) Month 
ammonia 


Albuminoid 
ammonia 


January ss .. .. o. 0° 385 Uus 26 28 ae тз 0° 850 
Febiuaiy e .. .. .. 0:353 August .. .. .. oe 0* 888 
Maich .. .. .. .. ()* 208 September .. .. .. 1:670 


April. we .. uw os 0* 281 October .. .. .. . 0*982 
NUS ay Фа эе oe 0*391 November .. ‘+. .. 0:521 
june. .. .. .. .. O° 50 Decembei. es .. .. ()° 493 








But apart from the 1itrogei coiteits the orgaiic matter itself is 
10t without value from ал agricultural poit. of view, especially 11 
modifying the physical characters of the soil. 


— чю 





L Manuies in Egypt and Soil Exhaustion, by Mackenzie and Foaden J.K.A.3. 1370, p. 137, 
> Monthly means fiom weekly samples. 
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In addition to the coistitueits usually recorded in all analyses 
of Nile silt Sickenberger states that he fouid traces of gold, copper, 
aid iodine. ' 

The amount of orgaiic matter as measured by the “loss o1 ignition” 
fouid 11 the samples of silt from Sarras already alluded to varied from 
2'2 milligrams per litre i1 June to 12377 milligrams per litre i1 August. 

I1 correction with the suspeided matter 11 the river the bacteria 
should be meitioied siice these too are 11 suspeisioi. At preseit 
very little is kiow1 coiceriiig the bacterial flora of the Nile; weekly 
couits however ол agar аё 37° C. (after 48 hours) have beei made in 
the Survey Departmeit Laboratory during 1905 aid the 1umber of 
bacteria fouid has varied from 560 per c.c. in February to 28,260 
per с.с. at the begining of July. 


Matter in Solution.—The soluble matter, like the suspeided 
matter, varies very much at differeit times of the year, being highest 
whei the river 13 at its lowest ebb, aid gradually decreasiig as the 
river rises, uitil the minimum is reached whei the Nile is at its 
highest flood level, after which the proportio: gradually rises agai 1 
as the river falls. 

Ihe proportio: of soluble matter not oily varies from month to 
month, but also from year to year. 

The followi1g summary may be give: of some of the results obtai1ed 
11 the Survey Department Laboratory 11 1905. 


MILLIGRAMS PER IITRE. (PARTS PER MILLION). 
(Weekly samples.) 


аы Total soluble} qii iie | Ме Acid | Albuminoid IN. 
Mattei as Nitrogen Ammonin (Kübel) 
1905 
Januaiy .. .. .. 170 6*7 ласо O° 155 1°63 
February . .. .. 193 9*6 nil 0* 130 1°88 
March .. .. .. 207 14°7 nil 0*127 0947 
Me © we EN IE 230 20*] nil 0* 115 1°51 
Yasa ss wu ad 240) 24°33 tiace O° 12% 1°47 
June.. se se ee 230 23*1 nil 0* 145 1*51 
duly e we x» жа 216 05 | ni 0* 225 2°04 
August .. .. .. 180 12:7 (0:37 ° 0* 201 1:95 
September . .. .. 140 3*6 0۰52 (097 1°13 
Octobe: .. ss .. 132 3*1 0* 14 0*113 1°23 
Novemberi. .. .. 146 5*0 0* 08 0* 081 0*05 
December. .. .. 150 Ges (race 0*115 1°42 
Maximum. .. .. 200 26*0 0.10 0* 210 2*00 
Minimum. .. .. 125 2*5 uil (0.005 0* 15 


' La configuration géologi ue des environs du Сапе,” Cairo 1890; 


=: „- 


The amouit of orgaiic matter in solution is oily very small: as 
measured by the albumiioid ammonia aid the oxygei absorbed it was 
highest during 1905 11 July aid lowest 11 November; the amouit of 
iitric acid is also very slight, aid 11 1905 was highest 11 September. 
From ai agricultural point of view 101e of the soluble coistitueits are 
preseit 11 sufficient quaitity to appreciably affect the crops. 

As already meitioved a complete miieral analysis of the soluble 
matter 11 the river was made by Letheby ол each of the moithly 
samples of water examined by him. 

Ihe following results may be quoted. 


MILLIGRAMS PER IITRE (PARTS PER MILLION). 


Constituenta ] 2 Constituents ] 2 


Lime.. .. .. .. ..| 44.2 | 51.8 || Phosphoric Acid.. ..| басе | tiace 
MagieSia.. .. .. ..| 10.3 | 10.3 || Nitiuicacid .. .. ..| trace | trace 
Soda... se .. .. ..| 5.9 | 18.01 Silica, ete .. a. ..| 11.3 6.7 
Potash .. .. .. ..| 15.0 4.0 | Orgaric matter .. ..| 11.9 | 31.3 
Chlorine .. .. .. ..| 6.3 | 17.4 || Carbonic acid and loss.| 42.8 | 40.0 
Sulphuric Acid .. ..| 18.4 | 29.3 


The minimum aid maximum figures obtaiied by Maymott Tidy 
in the partial mineral analyses made moithly by him alreadv alluded 
to are as follows :— 


MILLIGRASS PER LITRE (PARTS PER MILLION). 





Constituents Minimum Maximum 
Total solid mattei. .. .. ..| 180*0 204*0 
Nitioge1 as Nitiates .. .. .. tı aCe tı ace 
Lime ^w» 9 ovs» @% oe м 29°3 62°] 
Magnesia. .. .. .. oe oe 1*6 15*5 
Sulphuric anhydride .. .. .. 1770 26°33 
Chlorine . ss .. .. uo ee 2v 19,0 


Reasoiing from Tidy's results Judd says “But it is startling to find 
that the water of the Nile 11stead осол 41 1115 а much larger proportio 
of saline matter thai other rivers as we might aiticipate from the 
e1ormous evaporation constantly going on from its surface 11 reality 


1 Letheby, Sample taken August 12, 1874 at high Nile. The River Nile, Haker Mins. Proc. 
Inst. С.Е. Vol. LX, June 1880, 
2 Lethebv. Sample taken May 13, 1875 at low Nile, loc, cit, 
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Nile, 10t oily 11 differeit years, but also at different геазолз of the 
same year. 


MILLIGRAMS PER LITRE — PARTS PER MILLION. 


s и Total Soluble | 
Year Analyst m Chlorine 
Min. Мах. | Мір. Max. 
1374-5 | Letheby.. .. .. .. .. .. ..| 136 | 3M ( 2X'1]|17'4 
m Tidy 5E 44$ 6) we те c web 10 204 Del 34 
1588-2 Poll ard .. .. oe we за sal II 270| о роо 
1905 Survey Depaitment sa e За gal I2) 233 | 2*5 | 200 


Ii coı1ectioı with the analyses made by Letheby, Wanklyn and 
Tidy it should 10t be forgotteı that these samples were all exami1ed 
11 Eniglaid aid herce had beer kept for a coisiderable time before 
a1alysis, aid as orgaiic matter uidergoes chaige, бело progressively 
oxidized to ammonia, 1itrite aid vitrate, all results haviig refereice to 
substaices of orga11c origi are valueless aid must be disregarded. 

No refereice to the occurreice of iror, alumiia, or manganese can 
be fourd 11 the published aialyses of Nile water; these three substaices 
however are all preseit.’ 

Although a good deal of useful work has beei dore on the chemistry 
of the Nile, yet 11 view of the e1ormous scientific interest aid practical 
importaice of the river the results obtained are comparatively small, 
and тазу problems yet remaii to be solved. 


Summary.—The Nile betwee Aswai and Cairo follows a! 
depression i1 which it has gradually deposited a coisiderable thick 1 ess 
of alluvial mud, aid now it meaiders on the flood-plai1 which it has 
formed. In iler times side chaiiels followed the lower margins of 
the valleys, aid lagoons and swamps existed in the same part of the 
valley, but now owiig to coitrolled irrigation such parts have been 
reclaimed aid former water chaiiels such as the Sohagia Сала], aid 
the Bahr Yusef are to-day supply-caials which irrigate the marginal 
portions of the valley. For the past fifty ceituries at least the Nile 
has bee1 depositing in this reach, aid the average rise of the bed due 
to this is about 0'10 metre per ceitury, so that some 5 metres of 
alluvial mud have beer laid dowı 11 historical times. Before that it 
is 10t yet so clear; higher deposits of Nile mud seem to beloıg to a1 


t The Blackened Rocks of the Nile Cntaincts and of the Egyptian Певец. А. Lucas, Cairo 1905. 
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older aid a higher flood plaia which has been cut dowi iato by the 
river as the result of some chaige of созо which has 10t yet bee 
traced. The reeds of agriculture, aid the requiremeits of а deise 
population have produced a strict coitrol of the river so that the water 
of the low stage supply may be used as ecoiomically as possible, aid 
the turbid water of the flood spread as widely as possible in order to 
deposit its sedimeit on the cultivated lards: The river therefore is 
more of the ature of a great supply сала! thai a stream free to 
meaider through its flood-plaii1. Similar coitrol of the water aid 
coisequeit reclamation of the laid have dimiiished the lake which 
олсе occupied the depression of the Fayum, uitil now a small aid 
rapidly shrinking lake alore remains. Clo oye Me ^X T. 


- - 


CHAPTER IN. 


THE NILE DELTA. 


We now come to the Delta of the Nile, the last stage of the river 
where its bed is eroded dowı to aid eveı below the base level the 
seca, aid where uider ordinary coiditiois, deposition 1s at its maximum. 

It may be coivenrieitly coisidered to begin below Cairo, aid although 
to-day the first bifurcatio takes place at thé Delta Barrage, 26 kilo- 
metres dowai-stream, it 13 certain that 11 earlier times an importait 
braich took off about 7 kilometres below Cairo which supplied the 
aicieit Pelusiac and Tainitic arms. In moderi times, aid especially 
within the last huidred years, so much has бее dore 11 the caraliza- 
tio. of the Delta that it is difficult to distinguish with certaiity 
betwee river arms aid artificial canals, especially as an existi1g water- 
way may iiclude leigths of both 11 its course. To-day both the 
Rosetta aid Damietta arms are coitained within artificial barks aid 
the flood waters are thus coiducted to the sea, so that the usual charac- 
teristic features of deltaic coiditiois, swamps, lagoois, frequeitly 
shifting chaiiels, etc., аге becomiig rare as еуел the hitherto waste 
laids are being reclaimed aid brought илз ег cultivation. 

It is to the eı giıeer now that the most iistructive object lessois 11 
reclamation aid irrigation are furiished, aid to the physical geographer 
the Nile Delta as a delta teaches its lesson less clearly thai талу 
ало ег which is situated in regions less advaiced 11 civilization. Still 
there are a few poiits of interest aid evei of importaice to be learied 
from a study of this classic area which has givei its name to all the 
fai-shaped deposits laid дом л by rivers 11 lakes or 11 the sea. 

The Nile Delta measures about 250 kilometres from Mex, to the 
west of Alexaidria, to the shore of lake Menzala a little to the east of 
Port-Said, aid about 175 kilometres from Cairo o1 the south to Borollos 
light-house on the north coveriig an area of about 23,900 square kilo- 
metres, ii1cludiig the lakes of Mariut, Edku, Borollos aid Menzala, 
the small lake of Abukir haviig bee: now eitirely reclaimed. 

The approximate areas of the lakes are: 


вачате КИотейея, 


Lake Mariut... oc ... ode wis. woe £9 oe м ыы 290 
Lake Бака ... ... ... ... uu. e e 270 
Lake Bo:wollos ... ... ... ... oe 3 on ou e 690 


Lake Menzala ... ... ... uu. ee e 09 o o. 1930 
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higher laid 11 the 1eighbourhood of the river arms with lakes, lagoo: s 
or 11 a later stage marshes which occupy the lower-lyiig area betwee. 
them. ЕпаПу these are filled up by depositio: 11 the part of the 
delta 1ear its apex aid the marshes aid flooded region are eitered 
somewhat lower downstream. As the delta exteids seawards the 
leıgth of the river is increased aid the grade of this portion has to 
re-adjust itself 11 order to provide the requisite slope to carry the 
suspeided material to the river moith, so that the surface of the delta 
is raised aid its apex moves up-stream. Having now but two maii 
chaiiels which reach the sea the Nile is oily exteidiig its delta at 
these two points, viz., the Rosetta aid Damietta moiths, but еуел here 
the advaice is 10t rapid since the sedimeit brought dow1 by the river 
11 flood is to a great exteit distributed by the curreits produced by 
the steady 1ortherly wiid of the summer moiths. In the lakes sedi- 
meitatior is taking place but the volume of silt bearing water received 
bv them small compared with that carried by the malı arms. 

In the early times of ancient Egyptian history the delta was largely ал 
area of marsh; the malı arms, of which sever are recorded by Greek 
authors, divided i1to 1umerous braiches, aid followed meaideriig 
courses to the sea. In the flood season all these overflowed their 
baiks, depositing their load of silt to raise the delta aid fill the low- 
Jing depressions with water so that they remaiied as water-logged. 
marshes throughout the year; the river armsaid smaller water chai 1els, 
uitil they were trained aid embaı ked 11 much later times, eroded their 
рал ks, а1 4 cut across their бел 45 to leave deep сгезсе 1 t-shaped lakes where 
their chainels had formerly bee, as is to be see: in all deltas of rivers 
which periodically rise in flood. At this period the larger settlements 
must have beei 11 the 1eighbourhood of the larger braiches where sufti- 
cie1t high grouid had bee1 formed to provide areas of cultivable laid, 
uitilthe marshes became silted up,forminga plaià suitable for cultivation. 


Geology.—Within the area of the delta 10 rock appears except the 
limestoie of Alexaidria which forms a low ridge 11 this part of the 
coast aid exteids westwards as a low Пле of hills parallel to the shore. 
East of Abukir it does 10t appear aid the rest of the delta is formed 
of the alluvial mud aid fine said brought dow1 by the Nile, o1 which 
rear the sea coast are said dures formed by the iortherly winds. 

The alluvial mud and said of the delta rests upoi a thick deposit of 
yellow quartz saids of varyi1g соагзелезз which i1clude also layers of 
gravel, aid also leiticular masses of stiff clay. These are geierally 
coisidered to have beer deposited at a time whe1 the sea exteided for а 
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MEAN MAXIMUM TEMPERATURE CENTIGRADE. 


ze ee 











МИ o E ЗИ 





сас а-ар 
бша саса 


=== —— 
PLACE Jan. | Feb. | Mar, | April | May | June | July | Aug. | Sept. f Oct. | Nov. | Dec. [YEAR 


FER E —_— Ee аа С = — они el ڪڪ‎ o! — ي‎ laum CC == шс] тананы cR иена чө. ieee үсе Ee, Е FT Î 


Alexandria .|]18*0/19* 41217 1; 33*6126721298*0/2090*6/30*3|20* 5 21* 11 23° T1207 1] 24* SN 
Poit-Said ..118*4/19*90/21*5/|23*9|20* 1|29* 1131 * 81327 11207: 8|20* 2 21*60!20* 4425 ° 6 
Ismailia ..1157*4|21:0/227 К 21*1151*213378|32575|21* 9|32* O° 1124* 5 207 5127 
Suez .. ..119*1|]21*5|24:3:28*8|33*0/32:3,30*8|36* 1133: 8:31 * 4125* 0 21* 1] 28* 8 
Cniro es ..1IS*3I210* IAL AAS OOO O° U36. 11347: 94/32* 2130* 1) 24* 3 20* 2| 2872 








MEAN DININUD TEMPERATURE CENTIGRADE. 














| LACE Jan. | Feb. | Mar. | April | May | June] July | Aug. | Sept. | Oct. | Nov. | Dec. | YEAR 
чики (10° HIL’ OIA SIH MIT 0120612291028 5190281205116 1011231171 
Poit-Said ..| 9°7[10 I2*2/11*32|17* £)20.3) 22° 21:237 2122" 2/1207 7] 16° TILL 8 16°6 
Ismailia ..| 7:91 OSL SPB 9|16*5|129* 121*5j21* 7|12*8]17*611370| 9* 7/1571 
Suez .. ..| 11 8*5|I1*7|1H-60/17*6|20*0|22*0|22* 220° 21187 2]13* 21 °8 1596 
Calio.. ..| 6*9| SZ, 89*0112*8[15* MISO 20* SIO STITT 1]12*3] $3144 

MEAN MAXIMUM EXTREME CENTIGRADE. 

PLACE Jan. | Feb. | Mar. |Ари! | May | June} July | Aug. | 865t. | Oct. | Nov. | Dec. | YEAR 
Alexandria .121*7|25*9131* 1/34°3/ 36° 613070327 1:32: 01337 1 32* 4128* 10125*0130* 7 
Poit-Said ..121*6126*0 30781327 1121*6/35*01352*5 34^ 0033*0132* 5 28*8]21* 5 307 S 
Ismailia ..|22:9|27:3132:3|30*8|28*8|40* 5139" 2/38 4|20* 01347 51227 4|25* 413375 
Suez .. ..|22*9|26*6|31* 7/35 1|39*8|42*0|40* 2[39*8|3872 357 7|20* 1] 25* 1]34*0 
Cairo.. ..122*6[28* 21337 8()31* 0|40* 4|11*60/30* 7]|40*0/]30* 013257 2|209* 1|25* 333417 2 





RANGE. 








I LACE Jan. | Feb. | Mar. [Apiil j May | June| Jula | Aug. | Sept.) Oct. | Nov. | Dec, |YEAR 





r | „мыш 0 ——— 0 ——— G ص0۸‎ рр ьи Өч | ——— oO | ——— | o———— | ——— | a 


Alexaidiia | 7*6| TS 872 3 1 Мб C4 bT 6*8| 7*2| C2 TO TS T0 
Poit-Said ..| 577, 072] 975 HOB? SS] 9*6| SO) SG] В 8*5| Seay 00 
Ismailia ..j[10*5111*6/12*3 " 3 141*7|13*7|143*0115*2112*5]12* 5] 11* 510s 12°7 

Suez .. JIPO OL? GLES 4|15*5/14* 81137911537 6|137 2] 11* 8/11*3|13*2 
Cairo.. 6 114112" 1151155116716 *0115*8114*1118*5115*012*0111*4 13°9 


MEAN EXTREME MNIMUM TEMPERATURE CENTIGRADE. 





PLACE Jan, | Feb. | Mar. |Apiil Мау | June] July | Aug. | Sept. | Oct. | Nov. | Dec. |YEAR 


=“ | ——— D -—s— [| ————— {| ——— y ————— V ——— D ———]— А | — Ё ———————X [|  ——————— [о ——— ml 


Alexaidiia «| 6*8| 8:2] 9:3|12*0]14*5/17*8|21*0 21*2| 19° 1]16*6]12*0| 7*7] ES 
Port-Said ..| 6*3| 7*9] 8:511*1/13*2/16*7]19*3 20*2]19*4| 16* 71 1L*0: 8*1]1372 
Ismailia ..| 44 6*3] 7*0| 9*8]12*5 16*3]19*6|19* 71 16*9]14*2| 9*0] 5*511*8 
Suez .. ..| 43] 60] 77311076|13* 441772] 102 201 17°314°2| Ses] 5°4112*0 
Cairo... ..| 225] 420] S26] SSLL°T10°018°2 18°21 5-8 к) 475|10*6 
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ReLATIVE HUMIDITY PER CENT (3 or 9 a.in.). 





PLACE Jur. | Feb. | Mar. April | May | June] July | Aug. | Sept. | Oct. | Nov. | Рес. |YEAR 


Alexandria .] 64 | 62 | 61 | 600 | 601 G4 | 67 | 64 | 63 | 64 | 61 | 60 | 
Port-Said ..] 79 | 78 |. 14 | 12 | 71| 72 | 75 | 

Ismailin ..| 84 180 175 | 10 | 71 | 1A | 7T | 

Suez .. eef 76 | 711 70 | 605 | OF | 66 | 70 1 74 | 75 | TT | T8 | T6 
Calros. ..| 72 | 70 | OL 1 54 | 50 | 55 | OL | 








RELATIVE HUMIDITY PER CENT (2 or 3 p.m.). 








"PLACE Jan. | Feb. | Mar, (April | May | Jue | July | Aug. | Rept. | Oct. | Nov. | Dee. | YEAR 
Alexaidrin.| 54 | 52 | 51 | 53.1 56 1 60 161 | 58 | 56 1 58 152 | 5 20 
Port-Said ..| 65 | 62 | 59 | 59 | GO | 62 | 64 | 63 | 62 | 64 | 63 | 66 | 62 
Ismaiha .. 49 | 43 | 38 | 32 | 30 1 30 1 32 | 34 | 40 1 42 | 47 | SL | 39 

пед .. ..| 40 | 35 132 | 27 1 25 | 24 | 27 1 28 | 30 | 34] 35| 41 | 32 
Cairo.. ..| 48 | 43 | 314130 | 22 | 27 | 29 1| 32 | 39. | 41 | 44 | 49 | 36 


VAPOUR TENSION MILLIMETRES (8 or 9 a.m.). 























I LACE Jan. | Feb. | Mar. (А уги | May | Jung | July | Aug. | Sest. | Oct. | Nov. | Dec. [YEAR 
Alexandria .| 7*4| 7*6] ' *3| 9:8|12:011573|177717*41106*0]14* 7111*2| 8-7 12-2 
Cairo.. ..| 7'0] 775| 8:21 9*1|1077]13*2/15*9116*8|15*8]14* 6]10* 7| 8*5|1175 


VAPOUR TENSION MILLIMETRES (2 or З p.m.). 


PLACE Jan, | Feb. | Mar. |April | May | June | July | Aug. | Sest. | Oct. = Dec. | YEAR 


— | —— | ——— Î aa | ———— | ————A 0 —— D ——————— DD ——— 0 o—————— | ——— } ————À— Ё —À— P Hal 


Alexandria .| 7*5| 776] 83| 9:9|12:4|15*6|18* 1|17*7|16*1] 1470] 10*8| 8*8|12*3 
Cairo a. ..| 7*0| 6-9] 7*1| 7*6] S*8[1074|11*5/12* 7/13: 111272] 9-6] 871] 95 


Ihe rainfall is light and is not of much importaice 11 most parts 
except that 1ear Alexaidria the wiiter rainfall is courted upon to 
some exteit to supply a certai1 amount of water while the supply 
ca1als are temporarily closed for cleaniig. To the west of Alexaidria 
the rainfall is heavier and a valuable crop of barley is cultivated bv the 
Arabs o1 the belt of couitry lying rear the shore of the Mediterranean, 
and the ruiis of 1umerous cisteris, dams and other aicieit buildiigs 
show how exteisively cultivation was formerly carried o1 by artificially 
storing the winter raiifall. 


Н 2 


Тһе following table shows the decrease of the amount of rainfall 
from west to east :— 





€ Vo. — " Na. Mean 
LAGE of years Мы де, LANE of vears yearly 
: rainfail : rai vfnll 

Н mo, 111111. 

Algler3 .. .. .. 54 6083 d Tripoli .. .. .. S _ 354 
Philippeville.. .. 20 №07 | Bengazi.. .. .. 5 354 
Dus. a д wi 3 457 Alexaudria .. .. 38 220 
Gabes e e за Š ё Û IN? Port-Said e 9 e г »() 34 


Ihe quaitity of гал which has been recorded 11 cach moith at 
Alexaidria, Port-Said, Ismailia aid Suez is giver here. 


MONTHLY RAINFALL IN MILLIMETRES. 
Alexandria ! 


DATE Jan. | Feb. | Mar. | April | May | June | July | Avg. | Sept. | Oct. | Nov.| Dec. | YEAR 


—— €——————À MÀ  ———ÁÉÀ— p coi d Eom E ye [o MENU d D omms d к=н Аааа. SEY UD рад c mc c ааб отлар, 


Е eal os | эш | oo | we | эж. as | oe | ЕТЕ СТЕ oe 41| 130] [171] 
1563.. ..| 27] 96| 25 Ü () () () () 41 11 40 96 305 
1869.. .. 259] 90 ] 2 () () () 0 () 0| 40 39 161 
1570.. .. 27 3, 2% 10 () 0 () 0 () 1 QO; 11 80 
INFL., x 51 7%] 33 ] () 0 () () О 13 1 43| 180 
1872... .. 64 35 82 4 () () () () () ( 27| 101 313 
Is73.. «el 31! 80) 19 3 | 54| 301 
1871.. .. 07| 93 51 () ] 0 () Ü () 1 15 19 183 
Is75.. .. 915 ЗН 206 () 0 () () 0 0 QO} 15| 25| 195 





VER 
= 
© 
A, 
m 
«байрь. 
mm 
-— 
ә 
— 
-—— 
“> 


ISTO.. «ef 41| 10 91 д 1 () () 0 О 76] 11? 11| 275 
IS77.. ..| ST оо Ol of 2 3 207 
18138... ..| 92 30. 32 O o ol ol o Ol ol 24 15 123 
1879.. ..| 16! 13! 2) 1 0 о o o O o ol 34 86 
ISS50.. .. OO] 2 17 3 Q 0 0 О 1| 27) 140) 270 
ISSI.. ..| 1| 22) 16| 1| 3| o o Q оО 1| 66 62| 172 
1882.. ..| 85 70 5| 2) ا1‎ 0 oA QM ..].. .. | [183] 
1883.. ..| 60| до o o о O 5| п 94 15 240 
JaSM.. ..| 183) 48) 0 O dj O| о 2| т 2s8| 3 303 
1885.. ..| 106) бо О оО О 13) 0 30) 50| 232 
1880... Il 2l 6 0| 1| 0 0 0 95 0 o 3S 92 
IBNST.. ..| O Bel ol 3| Ol оО of 0 O 0 а 37) 182 
1888... ..| 6031 O 0 0| Я Lt Sl] 99| 28] 
1889.. ..| 64| п O о) 0 0 ol 63) м 255 
1890.. ..| т) 3| 7 4| o 0 о 0 0 o 90| 60| 234 
1891.. ..| 50| 44| 29| 0 0 0 0 | l| OF 0 48| 183 
1802.. ..| 909 8| 14 0| 0 о O| 0 0 8 99| 26] 214 
1893.. ..| 80 19| 47) О О af O O0 O 7 13) 98) 264 
1804.. ..| ооо о 0 ol 96 26| 217 
1395.. ..| 9 o оО 0 o о 0 I6 87 ll 

по 0 0 | 47 33| 816 


1596.. ..| 52 24| 1l 


-—-——E . a——X ] — -—Ysm | —— | ————— Û ———MA EP | er 0 5 -—— |o -—— |o — ШЕ 





Mean ..| 56; ЗИ 19 


oJ 
E 
СЭ 
= 
x! 
=.) 
- | 
= 
чы) 
m 
Oe 


1 Piroma Met. Zeit., 1884. p. 34, and 1897, p. 377. 
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— ЗИ س‎ 
Ismailia. 


PATE Jan. | Feb. | Маг. | April | May | June | July | Ang. | Sept. | Oct. | Хоу. | Dec. | YEAR 





]S86.. ..| 10 3 5 2 1 () () () 0 (0 
1АА7.. ..| 12 T 5 6 | 12 () (} () () () 
ISSN.. a 17 | 10 () | | 


inu 


1889.. ..| 18 9 ] () () () () 0 0 () 


1 >) 
1890.. .. 28 4 | 20 b 0 (} () Ü () () 14 i2 
1891..  ..| 13 () N 0 () 0 () 0 0 | 44 01 23 97 
15:23.. j () () () () () 0 () () 0 М 2 13 
1393,. ..| 22 2 | 19 () () (} 0 () () ] 2 | 32 TR 
1894.. ..| 31 14 ) T ] () () 0 () 0 | 13 } 35 
1595.. .. 1 0 2 | 28 1 () (} L () 0 1.H э NO 
1596.. .. 7 1 T ] 3 0 () () () () () ) 21 
]897.. ..| N Ü 7 () 1 () () () () (0 1 13 3 22 
1398.. .. ) 1 2 () () () () (} 0 0 | 10| 10 2t 
1800. ..1 2 | 10 1 T () () () () () 1 6 | 13 AN 
1000... 9 | 20 () (} () () () () () T 0 | 20 i 


ISOl.. жа 
19020. ba 
1205... sx 
13904... ..| 20 | 1: 


hm Se =} ° 


Mean ..| 10 T 5 З 3 (} 0 () () 3 6 | 11 47 


ПАТЕ Jan, | Feb, | Маг. | April | May | June | July | Aug. | Sept. | Oct. | Хоу. Dee, | YEAR 








DL. o] e Fux] ЕТЕ ЕТЕ ЕТЕ [| ce же To aa | ЕТЕ РХ УТУ Е. [8] 
]lNNT.. ..| 3 () 4 | 10 L L () () () () () () 17 
1885.. .. Ө i 4 1 1 () 0 () () () (} U 18 
Ss... ..| 258 () ] Ü 1 () () () () () () 1 
]590.. ..| 12 3 b 2 () () () () () () () 2 25 
189]... ..| 18 () () () () () () () () () () ( 
1802.. .. Ө 0 () () ] () () 0 () () () () 1 
1803.. ..| 12 () () () () () () () () () 0 | 12 21 
1894.. ..| Ө N 1 () () () () () () () 4 0 13 
]8S95.. ..| Û () 2 7 () () () () 0 () 2 () 11 
1596... ..| 4 1 o () 3 (} () () () 0 () () 14 
185891.. ..| 9 0 () (} () () () () 0 0 э () > 
1995.. .. 2 110 (0 () () () () () () 3 T 24 
1899.. ..| 2 0 2 (} () () () () 0 0 
1900.. .. OF I5 ] () () () () () () () () ) 28 
1901.. ..| 3 () () () N () () () () 0 
1902.. ..| 8| 11 1 () L () () () () Э 
1903.. ..| 1 () () 0 0 () () () () () 
1904.. ..| 17 | 14 0 1 | 
1905.. .J 1j 0| 5| OF OF OF OF OF OF 

| 


Mean ..| 7 Э 1 1 (} 0 () T () 0 () 4 16 


It has bee: persisteitly stated that the improved irrigation of 
receit years 11 Egypt aid the coisequeit exteision of cultivation 
has modified the climate, reideriig it cooler 11 summer, colder 11 
wiiter aid iicreasiig the humidity aid гаа]. Accurate observa- 
tiois exteid over too short a time to refute or establish this view, 
aid the positiois of the observiig statiois are 10t the most favourable 
for doing so, siice Alexaidria aid Port-Said are ол the coast, and 
Cairo is at the extreme apex of the delta aid close to the desert. The 
priicipal charge which has take place 11 agriculture is the great 
developmeit of summer cultivation before the arrival of the flood, 
which has been reidered possible by the repair of the Delta Barrage 
and by the coistructio: of the Zifta and Assiut Barrages aid the 
Aswai dam; we may therefore expect to find ai increase 11 the 
humidity i1 the early summer moiths 11 the delta. Further up the 
river it is less likely to be 10ticeable as the wiids blow from the 
deserts aid have a comparatively narrow strip of irrigated laid to 
pass over, while i1 both cases the immediate surrouidiigs of the 
station will have uidue influence. [1 examiiiig the humidity it 
will be зойсе that both the relative aid absolute humidity begin 
to increase 11 Jure 10t oily 11 the delta and the Nile valley but 
also 11 the desert, e.g. Kharga aid Dakhla oases, Aswai aid Wadi 
Halfa so that this is a seasonal effect aid not due to agricultural 
development only. 


MEAN RELATIVE HUMIDITY PER CENT. 


MONTH pow dT Cairo | Assiut | Aswan EE Kharga | Dakhla 


ao pe [о и —M 9 D a €] Кашына аа алы ааны d uni EE. p ———— ET: 


March .. .. oof 61 11 50 2i 5: 3? 21 38 
April Ба же жш d$ Ti 51 42 31 24 1‘) 27 
rom - 2» el 65 75 47 34 29 I9 | 14 H) 
June... se ce eel 69 76 47 33 20 21 l5 19 
July... se ee | 70 SI 50 36 21 21 19 20 
August se .. ..| OX 19 20 14 20 32 18 21) 

eptember .. ..| 65 (6 62 54 32 3? 27 34 
October .. .. ..| 66 77 66 01 3S 36 28 37 


1 Kom el Naura. 


— № — 
MEAN (VAPOUR TENSION) IN MILLIMETRES, 


. Д +. P; ч 
MONTH a hel Cairo | Assinut | Aswan к! Karga | Dakhla 

















llli 





March .. .. ee] №: 


2; lw7 Т" 1^0 neg 2*t 1*2 ТЕЧ, 
April e 05. c5. POLISI, BT v | có 62) 40 64 
Maye. oe oe oof 12*2 | BO | 99] 791 9.01 (Gà | MO | 65 
June.’ .. .. e| IDAS 166 FILO | 881 97| 7.601 UO] 1:3 
CUS ee. Ge sow же l4 4 не 18:0 | 10:7 44 0*6 1*] co 
August .. .. «| 114 А 14°6 | 11:5 | МЧ | 11°1 6*1 | 110 
september — .. ..| 15°9 | 14*2 | 126 | 100 | 1072 М] | 11?2 
October... .. el 14°0 : 13°? | 1241 1075 0.0 Sel | 10:7 


The perceitage frequeicy of winds at Alexandria according to their 
directions is giver on the following table. 


(1875-1896) OFSERVED BY M. Pirona. 


DIRECTION, Jan. | Feb. | Mar. | Abril | May | June | July | Avg. | Sent. | Oct. | Nov. | Dec. 

















ON ló | 191 25 | 29 | 41| 4| 44 1 SL] 56 | 42| 28 | 16 
N.E. 0 S| 14| 16 | H | 1 2 9| 23| 18] 1l 
E. -11 |} IL} ily] 1l N 2 0 1 j 9 | UL] 10 

S. LE. 8 1 b 1 З 1 О 0 1 З 4 8 
S. 13 | 10 2 З 2 1 0 0 1 2 {| 13 
S.W. 11 | 10 b 2 1 1 1 0 1 9| 14 
W. 10 | 10 б 2 1 3 3 3 I 2 1 1 
N.W. 17 | 23| 25 | 24) 25 | 34 | 507 41] 25]| 13] 16 | H 
Calm .. 5 2 Z } Z 2 1 2 3 4 4 T 

| 











Kom el Nadura (1891-1900). 


— Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Lec. 








N. | 820 11:8 14:8| 91-7 2572| 36-4] 2076| 2072| 447 1 36761 2075| 193 
N.E. | $2] 1142| 15°2 21-6|15°3| 9°4 0-1| 06| 9-7 3072| 20-6) 11.8 
E. | 4&8 41 Ч »2| ¥7 0| .. 14 14 4]1| 02 
S.E. |10-8| 8-0] 10-2 7-6! 10-9! 0*8 0-8 3-0] 58| S'6 
S^ | 54 9 25| 0 Ol, oal 1°0| 1:5] 5-2 
S.W. | 11.2! 14-2| 5:2 14 (3| .. | 072 0°2| 03| 7-0] 2 °0 
W. [19:0 20-5] 11:3) O4 TT dez| GO Les} 2:0| 43 T51 ce 
N.W. [e 25-6 85°8| 28-4 35-21 48751 66-2] 6772| 408] 23-1 28-0] 1477 


a ЩЕ й 





| 


к= лш з ии Ár- ЖЕНЕН" liem B E C —Ü 


Calm .. 1*5 x 1*5 е" 
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I1 all periods the principal towis will have beer situated ол the 
larger arms aid if it were possible to locate their sites at differeit 
periods during past ceituries, we might thereby trace to some extent 
the line of the water chaiiels which supplied their irhabitaits with 
water and served as the meais of communicatio: with other towais 
ала districts. 

But the position of these old river branches is only approximately 
kiow1 aid much archieological work remaiis to be dore 11 the iden- 
tification of the towis of Egyptiai, Greek and Roman times with the 
mouids which exist to-day aid show where formerly populous centres 
stood. 

Ever the chaiiels will have frequently bee1 modified by braiches 
developing more rapidly thai the та stream, by cross-cuts Бете 
formed 11 high floods, by the natural or artificial retaining baiks 
being breached aid new chaiiels scoured out by the escaping flood. 
Hogarth ! indicates several aicieit arms by means of sites determined 
rear them. The preseit Bahr Tirah, with the Bahr Shibin for its 
upper reach, flowed apparently as the Athribitic Nile to reach the sea 
somewhat to the east of the preseit lake of Borollos, while the Bahr 
Nashart represeits a1other which he coisiders as the lower portioi of 
the Pharmuthiae Nile. But uıtil exough evideice has bee. collected 
aid has bee: critically examiied it is waste labour to speculate o1 the 
position of the old chaiiels in the ceitral aid southeri part of the 
delta. At all times a 1etwork of rivers iitersected it, aid the a11ual 
flood with its load of suspeided material must have frequeitly modified 
the relative importaice of the differeit charnels. The meaideriig 
course followed by талу of the carals aid draiis of to-day poiit to 
their having originally been табига] chaiiels which have beer utilized 
in the preseit irrigation system. 

Coisiderable alteration in the lower reaches of these arms aid their 
subsidiary chaiiels was caused whei the depression of the 1orther 1 
edge of the Delta took place, which occurred 11 post-Romai times, as 
is proved by rock-tombs on the shore at Alexaidria which are now 
below sea-level. The question of this depression of the shore-liie 
merits a detailed 11 vestigation aid it would be of special importaice 
to determiie whether it reached its greatest amouit 11 the west and 
was less 11 the easteri portion as seems probable. Besides the silting 
up of the aicieit river arm, which deposited Nile alluvium 11 the 
Wadi Tumilat as far as Ismailia but which is uikiowi as a natural 


— = r —À F 
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cha11el 11 historic times, there seems to have bee: a gradual dwiidliig 
of the easter1 branches, aid a developmeit of the westeri ores, which 
it is tempting to correct with a rise of the laid to the eastward; of 
this there is clear evideice in the Gulf of Suez but 1earer the delta 
evideice is scarce. The precise levelling now 11 progress will furiish 
a meais for determining after the lapse of some years whether any 
slow.movemen1t is now 1n progress aid the questio is a very impor- 
tait оле since a very slight chaige of level would greatly alter the 
coiditiois of a large area of low-lying laid near the lakes of Menzala 
aid Dorollos. Тһе formatio: of 1umerous saliies to the south of Ras 
Gharib iı the Gulf of Suez appears to show that a1 upward movement 
Is or very receitly has bee 11 progress there. 

Ihe co1 versio of swampy or flooded areas 11to cultivable laid has 
proceeded of late years with great rapidity as a result of the immense 
amouit of work which has been dore 11 improving aid developing 
the drainage of this part of Egypt. In the proviice of Beheira, 
which lies to the west of the Rosetta Braich of the Nile, it is possible 
to obtain a fairly accurate idea of the rate at which this traisformatioi 
has progressed of late by comparing the maps which were prepared 1n 
1892 o1 the scale of 1 : 10,000 with these of the revision which was 
made in 1903-4. [1 the earlier maps of 1892 a total area of 480 
square kilometres was recorded as being either орел sheets of water 
or permaieit marshes, but o1 those of 1903 oily 235 square kilometres 
fall из дег this category. The remaiider has by drainage bee coiverted 
11to dry laid, aid already passed ил ег cultivation to a greater or less 
extent. 

[1 тазу places still 1arrow depressiois of irregular shape show 
where олсе a braich of the river meandered through the low grouid 
aid oftei finally eıded iı a wide area of marsh which im the flood 
seaso1 was a1 expaise of орел water. 


CHAPTER X. 


THE VARIATION OF THE NILE Froon. 


The most importait as well as the most striking pheiomeioi of 
the Nile Basia is the a11ual flcod which pours dowi from the Abyssi- 
1ia1 tablelaid in July, August and September, supplying for some 
time a greater volume thai can be utilized о the cultivated 
valley plaias aid carrying with it the silt which, wherever deposited, 
forms a soil of the greatest fertility. The river supply, which 11 May 
aid June had dwiidled iı Egypt to that which was insufhcient for 
the waits of the population of the Nile baiks, now 11creases rapidly 
filling all caials and flooding much of the flood-plaiis on which the 
silt is deposited. We have seei that from the earliest times the 
height of the Nile flood was a1iually recorded as the most importait 
eveit of the Egyptiai year, aid such it still continues to be, though 
in consequeice of the 11сгеазе of регел 11а] irrigation at the expeise 
of База or flood irrigation, the volume of water 11 the river at the 
lower stages, Јал лагу to July, has now a greatly i1creased importance. 

[1 this chapter will be coisidered the variation 11 the volume of the 
Nile flood from year to year, 11 which 10 regular periodicity has been 
fouid though frequeitly asserted to exist." Next the meteorological 
coiditiois which seein to exercise а coitrolling or modifying influence 
o1 the southerly moisui of East aid Ceitral Africa will be i1 dicated,” 
siice by a study of these it may be possible to estimate the probable 
weakiess ог abuidaice of the rai1 o1 the Abyssiiiai tablelaid for а 
few weeks in advaice. Without going so far as forecasting in the 
early summer that a good, moderate, or poor Nile flood is to be 
expected, a state of precision which will 106 be reached for талу 
years to come, there is a легу reasoiable probability that a good 
estimate can be formed of the Abyssiiiai raiifall for some 15 or 20 
days in advaice, aid as experieice is gained it may be possible to 
give loiger 10tice thai this. 

This has beer dore teitatively for the flood seasois of 1904 and 





o o 








і Mainly taken (by the kind j,ermission of the Council) from а paser read before the Research 
De;artment of the Royal Geograj;hical Society. Geog. Jour. Se;t,, Oct., 1905. 

^ Taken by the kind ;ermission of the Council of the Royal Society from a цег on “The 
Relation between variations of Atmosjheric Pressure in North-East Africa and the Nile Flood" 
Proc, Вох. Soc, Vol. А. 76 1905. p. 66-86, 
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rise o1 the Abyssiiiai plateau aid are fed by a short, heavy rainfall 
of about 1000 millimetres 11 four months, as ал average value. 

The majority of large rivers are supplied by a net-work of tributary 
streams which exteid far throughout the basi1 where, probably, 
differeit climatic coiditiois or geographical features, such as moun tain 
raiges, affect the rainfall so аз to produce the greatest precipitation at 
differeit seasois 11 differeit parts of thebasii.  Thusitoftei happeis 
that the rise of a great river is due 10rmally to raiifall over a portion 
oily of its basi, aid whe. exceptional rainfall takes place over other 
pertiois at the same season, differeit tributaries, which usually rise 
i1 flood successively, will be 11 flood at the same time, a1d so cause 
destructive inundations.' 

As has beei seer, the White Nile coitributes but a feeble quantity 
to the flood siice its waters are poided back by those of the rapidly 
risiag Blue Nile. Гл the Blue Nile basin all the tributaries rise 11 May 
or June, are at their maximum at the eid of August or early in Sept- 
ember, aid ел fall rapidly. This is because they all drai1 a compara- 
tively small area which has a sharply defined rainy season. The same 
applies to the Atbara which draiis the norther1 part of Abyssiila aid 
11 geieral character is much like the blue Nile, except that its basin 
has a shorter rainy ѕеаѕол aid a lighter rainfall. Thus the variation 
11 volume is due to the variation in the rui-off of a single basia which 
is 10t a1 exceptionally large оле, (552,200 square kilometres, see p. 9). 

The moisture-laden air of the south-east trade wiids, blowiig across 
the equator towards the low pressure area to the orth of it, is the 
Primary cause-o£the Abyssiiiai гаіла], ard coisequeitly of the Nile 
ood, Pepending on the a11ual movemeit of the sun—from south to 
north’and then from north to south,” i1 ал area where there are 10 
mou itaii raiges except the Abyssiiia1 plateau to complicate the condi- 
tiois, the rains set 11 Оуег {һе Sudai aid Abyssinia each year with 
great regularity, aid cease with equal punctuality. 

The secoidary causes which determiie the variatiois 11 this rai1fall, 
aid coisequeitly in the Nile flood from year to year, are 10t ‘so 
appareit. : There are probably several of them which act with more 
or less effect i1 differeit years uider the varying meteorological con- 
ditions existing over Africa aid the Iidiai Oceai, but up to the 
preseit oie of the most importait seems to be the variatio of the 
atmospheric pressure over 1orth-easter1 Africa. 

I1 a previous chapter the principal features of the aiiual flood of 





- | Morrill, The Floods of the Mississiy 51. Washington 1897, 
? See Chap, L p. И. 
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the Blue Nile aid the Atbara have bee1 set forth, while the records of 
the heights reached by those of past years have bee1 kept at Aswan 
and Cairo with coisiderable care. If there should be алу regular 
alteriation of high and low floods of moderately short period these data 
should show some trace of 1t, aid 1t should be fairly well marked to be 
of ату practical value 11 aiticipating the character of a comiig flood. 

Nile Gauge Records.—The data available for a discussion of the Nile 
floods are not 11co1siderable, but the greater part of them are, unfortu- 
nately, of very u1equal value 01 accouit of the irregularity of the 
readiigs at the Roda 1ilometer, ' aid of the falsification of its records, 
which is stated to have take: place 11 earlier times 11 order to 11crease 
the revenue. They may be summarised as follows :— 

1. Readiigs of the Roda iilometer from 700 А.р. to 1905, but the 
readings for талу years are missiig ? (see p. ) aid siice 
the Delta Barrage has beer 11 use the low-stage readiigs have 
реет affected by the artificially raised water-level. 

>. Readiigs of the Nile gauge at the Delta Barrage from 1846 

to 1878 (see p.  ). 

Readings of the Nile gauge at Aswaı from 1869 to the present 

time (see p. 289). 

. Readings of the Nile gauge at Wadi Halfa from January, 1390, 

to the preseit time (see p. 282). 

5. Readiigs of the Khartoum Nile gauge from 1869 to 1883, and 

from 1900 to the preseit time (see p. 261). 

The Aswan series of gauge-readiigs is the most complete, aid will 
be used as the basis of this discussion. At the preseit time it may be 
coisidered that the Aswai dam, though its oper sluices admit as free 
a passage of the flood-waters as possible, affects the old gauge, which 1s 
some 5 kilometres dow 1-stream of it, aid reiders comparisois betwee 1 
readiigs at the preseit aid those previous to 1901 unsatisfactory ; 
but the gauge at Wadi Halfa has beei 11 existeice siice 1890, aid 
cai therefore be used to confirm aid complete the Аз\уал records. 

The Aswar aid Halfa gauges have a great advaitage over those 
situated lower dow the river, 11 that the whole flood of the river must 
pass in the river-chaiiel at these points. Lower down the valley the 
flood-level of the river rises above the level of the countrv, and in 
years of high flood the embaikmeits which should retai1 the water in 
their bed may be breached ; thus a lower gauge-readiig will be recorded 


2 


H 


| At Cairo. 
1 A careful collection of these from all available sources iu about to be jublished by Amin Bey 
Kami, of the Ministry of Public Instruction, Egy t. 
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ın» the vicinity (Ваз if the whole flood has beer confined to the river- 
chaiiel. Also the 10rmal floodiig of the cultivated laids above Cairo 
takes a large amount of water from the river at the time of highest 
Hood, so that the maximum raige of the flood is not as high i1 the 
years wher the Roda or Delta Barrage gauges have to be used as if 
only Aswar or Wadi Halfa readiigs could be employed. Siice, 
however. the Aswai readiigs are available from 1869 oily, it is 
iecessary to employ those of the Roda gauge at Cairo from 1825 to 
1870; before this there 1; a period of tweity-four years for which 
there are 10 records. 

Therefore, by utilizing the Roda gauge-readiigs from 1825 to 1872, 
and the Aswai gaige-readiigs from 1869 to 1902, aid the Wadi Halfa 
gauge for азу subsequeit years, we have a series of maximum readii gs 
of the Nile Hood for 80 years, which are very fairly accurate, siice for 
almost every year there was aiother gauge which was simultaieously 
recording the river-levels :— 


Period Gauge Verified by 





n ee ee ee a ы! 


1825-1845 Roda.. .. ..| Barker, Holroyd, Bowring, Curzon, etc. 
1846-1872 Roda.. .. ..| Delta Barrage gauge. 

1869-1902 Aswan. .. .. Roda, Barrage, and other gauges. 
1890-1904 Wadi Halta ..| Aswan and many other gauges. 


These maxima may be graphically represeited by plotting them 
as differeices from the meai value of the series, as has bee1 dore in 
Plate A LIII. 

Gauge-readiigs furiish oily the level of the water surface from 
day to day, aid 1ot the volume of the water flowing past, which is 
really required. At Aswai a 1umber of discharges were measured aid 
a discharge-table computed, by which the volume flowing past that 
polit at ату givei reading of the gauge could be determiied.' At 
Khartoum on the Blue Nile, aid at Dueim on the White Nile, aid on 
the Atbara discharges have bee1 measured 11 1902 aid 1903, from 
which the volume of the floods of these years cai be calculated with 
fair accuracy ; these have bee: already discussed. 

The volume discharged by the Nile i1 flood represeits the surface 
run-off of the rainfall of the catchmeit basi, while that of the rest of 
the year is due to what has percolated i1to the grouid aid fed the 
springs; it is, therefore, the volume discharged by the river 11 flood 





t e Perennial Irrigation.” Ay). III. Table I. Cairo, 1591. 
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“maximum gauge-readiı gs” is less satisfactory, as would be expected; 
though it usually agrees fairly well, o1 оле ог two occasiois it differs 
markedly ; for iistaice, 11 1881, 1882, aid 11 1896. However it 
may be claimed that, for the purpose of the preseit 11vestigatioi, the 
curves of ‘‘differeices from meari gauge" may fairly be used as a 
close approximation to the volume discharged for places such as Wadi 
Halfa aid Khartoum 1869-1880, where daily readiigs for a series of 
years are available, while the curve of maximum gauge-readings will 
reproduce geierally the shape of “volume discharged" curve, though 
occasionally diverging from it to some exteit. It is the “maximum 
reading” curve alore which is available for Roda and the Delta Barrage 
observations. 

We therefore possess fairly reliable records of the maximum readiigs 
of the Nile floods for eighty years past. As far as 1846 these records 
can be coitrolled by the records of other gauges, aid before that date 
the coitemporary evideice of travellers aid resideits eiables us to 
verify several of the more importait years. These data should show 
some signs of ал alteriatiig series of high aid low floods, that is of a 
periodicity 11 the floods, if such does exist. Brückner has showa а 
periodicity 11 raiifall of thirty-five years from maximum to maximum, 
which he traces geierally throughout the coitiieital areas of the world, 
and which might be expected to appear here also. 

[1 examining the Nile floods records for traces of periodicity, it must 
be remembered that it 15 the variation of the Abyssiiiai raiifall which 
is really being discussed, aid the flood is used as belıg a coiverieit 
expression for the run-off, which is assumed to bear a fairly coistait 
proportion each year to the raiifall, though this is 10t strictly true. 
[1 years of heavy raiifall the ratio of run-off to rainfall will be higher, 
aid та year of drought it will be lower, thai 11 a 10rmal year. 

In seeking for evideice of periodicity i1 a loig series of observatiois 
it may be helpful to eliminate as far as possible small accidei tal varia- 
tions which may otherwise hide the periodical variations. This is 
coiveiieitly dore by taking successively the meais of groups of five 
years, aid thei comparing these mean values. For studyiig the effect 
of varyiig meteorological coiditiois the vearly values аге 1ecessary, aid 
11 the tables of the volume discharged at Aswai, aid the maximum 
gauge readiigs at Roda aid the Barrage both the yearly values aid the 
five year meais are give ; the former being more useful i1 studying 
the effect of the meteorological coiditiois aid the possibility of 
prediction, while the latter coiceris the question of periodicity. 


On plate XLIII the Nile floods for the 78 years 1825-1903 areshown 
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the time of a group of low floods, aid the improved Nile supply came 
11 1887, 1889 and 1890, when the suispots were at minimum. What- 
ever correction may finally be worked out betwee1 suispots aid 
meteorological phe1omenaa, it seems clear that the Abyssiiiai raiifall 
is due to the combiied effect of causes which usually preveit any 
coiicideice between high aid low floods aid the maxima aid minima 
of the suispots which may exist, from Бело recognized, aid to predict 
improved floods o1 the basis of a1 approaching suispot maximum 
seems to be going further thai the evideice warrants. 

I1 1900, Sir N. Lockyer Е. В. 5. and Dr. W. Lockyer! discussed 
periodical pulses of rainfall, which they distinguished as + a1d — pulses 
сол лесѓіеа with + a1d — heat pulses of the solar weather cycle. 

As a result of a1 examiiation of the spectra of suispots aid of the 
raiifall of [14а aid Mauritius, they coicluded that [14а has two 
pulses of raiifall, the оле near the maximum aad the other ear the 
minimum of the suispot period, aid that the dates of the бео 111g of 
these two pulses are related to sudde1 charges in wideied lires of the 
spectra. The famines of lidia for the last half-ceitury were fouid to 
occur 11 the intervals betwee1 these pulses, aid the lowest Nile floods 
betwee1 1849 aid 1878 are said to have occurred betweei the same 
11 егуа]з. These pulses are gives as follows :— 


— Pulse. Mean condition. + Pulse. 
O0 eee e a "е 
т 1870-5 
И LL LL M nds 
1877-80 TTT] 
~ 1882-6 
esas туос 


Um ]80]-9 


Accordiig to this view, thei, low Nile floods should predomiiate 
about 1869, 1876, 1881, 1887 aid 1892, while high floods should 
follow the years of the--a1d — pulses. They deal briefly with some of 
the Nile floods 11 this paper, pointing out that “the highest Niles 
follow the years of the + a1d — pulses." 

1871 flood, 1 year after the + pulse of 1870. 


1876 тог е subsidiary pulse of 1874. 
1879 i я , 1877. 


1883-4 ” laid 2 years after the + pulse of 1882. 
1893-4 , 1 وو 2 م‎ ы + وو‎ 1892. 


i Proc. Rov. Soc., vol. 67. p. 409. 
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It does 10t seem, though, that such a direct aid simple relation сал 
be made out for the Abyssinian rainfall; the 1871 flood was less than 
those of 1869, 1870, ог 1872, while 1874, and 10t 1876, was the big 
flood to compare with the pulse of 187 4. aad 1878 was a year of heavier 
гала] thai 1879, aid particularly a very late rainfall, extending far 
iato the autumn ; 1883 aid 1884 were moderate aid rather low years 
respectively. These discrepaicies are meitioired to show that the 
dates of the + and — pulses by themselves do 10t coisisteitly precede 
specially high floods, aid therefore this periodicity of five or six years 
is 10t traceable i1 the yearly or five-year Nile curves. 

The low Nile floods quoted are those of 1858-9, 1868, 1873, 1877, 
but it should be 10ticed (see Plate XLIII) that the floods of 1858-9 
were 10t especially low; 1857 was almost as low as 1858, aid 1855 
was lower thai either ; 1868 was a very low year, but 1864 was almost 
as low; 1873 was a low flood, aid 1877 a very low flood. Turiiig 
to the other ‘‘meai co1ditio1" years which should coincide with low 
floods, 1881 was a 10rmal flood, 1887 was a good food, though 1888 
was а bad оле, aid 1892 was particularly good. 1888 aid 1899 Бело 
the 1earest bad years to this date. 

It would seem, therefore, that Egypt aid Abvssi11a form ал area 11 
which the meteorological coiditiois are 10t regularly co1s01a1t with 
those of I1dia discussed by Sir №. Lockyer; at times agreeing aid at 
other times varyiig widely, the solar weather 15 as vet aì uncertain 
guide i1 the study of Nile floods. 

Turiiig now to the yearly curve for the seveity-111e years from 
1825 to 1903 in Plate XLIII, the most marked feature is the way 11 
which the flood varies, passi1g from a value above the 10rmal to оле 
below it 11 almost successive years. It is this irregularity, this rapid 
oscillation of the curve, which makes of small practical value any argu- 
meit based o1 a periodicity shown by the five-vear curve; for 11 the 
most regular group of low floods, a high flood may intrude itself, as 
1829 aid 1834, also 1887 ; while 1873 aid 1877 were verv low floods 
amoiga group of floods all much above the average. If this series of 
floods be examiied, we shall see that from 1825 to 1903 the succession 
is as follows :— 

In seveiteei cases а flood above the average is followed bv ore belo 

the average. 

[1 eightee1 cases a flood «bove the average is followed by ore above 

the average. 

Ii tweity-orecases a flood below the average is followed by one below 

the average. 
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In sixtee1 cases a flood bel the average is followed by ore above 

the average. 

Куел in periods whea high or low Niles greatly predomiaate, such as 
1825-1839 or 1860-1880, floods of opposite character frequeitly occur, 
e.J. the high flood of 1829 11 the first period of low floods, aid the low 
floods of 1864, 1869, aid 1877 11 the high flood period of 1860-1880. 

[1 these seveity-eight years— 

2 successive vears above the average occur three times. 


3 в 5 is в й 

4 » = » 

2 below т олсе. 

3 " ‚ three times. 
E twice. 

5 


9 9 19 9 » 
of which the last two groups belong to the low-flood periods of 1825- 
1839 aid 1899-1903. 

Siice the Nile flood is the direct result of the Juie-September гал fall 
o1 the Abyssi11a1 tablelaid, the raii1s aid the meteorological coiditiois 
which determine them must be subject: to a similar oscillation to that 
which is so markedly showi in the flood diagrams. LEsseitially the 
successio1 of Nile floods for the last eighty vears is ai oscillation 
betwee1 floods above the average aid floods below the average, aid 
the same thing is ѕеел 1n the series from 1737 to 1800, though the гал ge 
of the oscillation is 10t so large if the observatiois cai be relied on. 

The lorg series of years following 1738 in which the Nile flood was 
almost i1variably good is corroborated by Bruce, who writes, * The 
Nile for these thirty vears has but олсе so failed as to occasion dearth, 
but 1ever 11 that period so as to produce famiie 11 Egypt." * This 
refers appareitly to the thirty years previous to 1773,” the low Nile 
being perhaps that of 1772. Не further speaks of three of these floods 
havi1g beei exceptionally abuidait, which would apply to those ot 
1757, 1758, aid perhaps 1753. Ihe exceptionally low floods of 1783 
aid 1784 are meitioied bv Voliev, * who speaks of them as causing 
a serious famine. 

For compariso1 with this earlier series of years, raiifall data do 10% 
exist as for the 111eteeith ceitury; still, it сал be said with certainty 
that the curve is 10t o1e which shows anv more similarity to the 


* Travels to discover the Source of the Nile, 2nd edit., vol. 5, p. 375, London, 1805. 
* Ibid., p. 412, note. 


36 Voyage en Egv te et en Syrie,” 5th edit., vol. l, р. 157, Paris, 1822, 
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i years four cases 11 the eighteeith ceitury. 
0 two т s Уз 

8 " one case 11 the 

|] ۰ ۰ э 9 2 


We have, therefore, to deal with a comparatively short-pariod varia- 
tion in the meteorological coiditiois, bat this subject requires further 
11 vestigation. 

It has been see1 that high levels i1 the Bahr el Jebel, the White 
Nile aid the Blue Nile depeid upor very different factors, aid 11 the 
past much misunderstanding has beei due to this. Before dealiig 
with the meteorological coiditiois which probably affect the Nile flood, 
it will be useful to compare such records as exist of the Bahr el Jebel 


aid White Nile (see p. 102) with the correspoidiig Blue Nile flood 


11 order to see the effect of the various sources of supply. 








Year Bahr el Jebel, cte. Blue Nile Equatorial lakes, 
TE | l oe 

a Exce)tionally low in January 7. Good flood. | Lake Aloe иа йаа 
1853 | Low at Gondokoro i in January . с "I J orn Sane нн, 
1858 Summer rains feeble : Duo .< d 86 Se des 
1859 Water in A ril very low. Early rains 

›оог but later very heavy. .. . о ож єй Lake level yrobably low. 
1861 Rains late but exec eptionally heavy .. High о ж жо жи Lake )jrobably rising. 
] 862 Bahr el Ghazal taine heavy. Average Hood... dn 
] 853 White Nile &aid to be low in January. Late,probably Sobat flood 

Bahr el Ghazal high in February. was the same .. .. 
1564 White Nilelowerin Marchthanin 1863.| Verr high flood 
1808 Rains feeble | Low flood 
1571 Drought at Gondokoro. Good flood but fell rather 

early. 

1872 | Good season, high flood at Gondokoro.| Good food fellratherlate.| Lake yrobably rising. 
1877 Gondokoro, no rain river low Very. 500r flood А TPF 
1878 | Exceptionally high flood Very high .. d Lake Victoria high. 
1:9 River high till November High late  ,. 5 ii н T 
1880 Bahr el Ghazal rains heawv. А verage ; dike 
1882 Rains feeble till July .. ..| Poor " 
1883 Heavy rains high flood. ..| Moderate  ., Lakes probably high. 
1X88 ЧҮ | Very low ,, 
1889 -" A verage " Lake? low. 
1890 Good м T : 
1891 А verage ۰۹ . T ۹۹ 
1892 High Е - 4 high. 
1825 Good " : г: 
1896 Fairlvgood , inclined to fall. 
1897 os Poor " n to rise. 
] NON Low stage level rather low і...  ..| Fairly good „ steady. 
1899 » , lowerit, Very low fell rayidly. 
1900 As Poor : very low. 
190] » E . low! - = ros2 slightly. 
1902 Good MIN.. .. .. .. .. Very low | Lakes very low. 
1903 High flood | E са Low Е м ud . rising. 
] o4 Low stage higher than usual Verr low . high. 
1905 Very feeble rains . falling. 





1 Delmé-Radeliffe, Geog. Jour.. Nov. 1905, p. 484. 


> Though these data from 18849 refer ayecially to Lake Victoria, it is highly 


Albert varied similarly. 


uu 


yrobable that Lake 
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The level of Lake Albert determiies the low stage level of the Bahr 
el Jebel after the галу season, and at flood stage may produce 
exceptio1ally high levels (see p. 91). Thus we may say with confidence 
that this lake, aid coisequeitly the equatorial lakes 11 geieral, wax 
low i1 1848-9, 1850, 1853, aid 1859 while it was probably high 11 
1861, 1872 aid 1883. In this last vear the exteisive flooding at Lado 
recorded by Еті Pasha must have beer partly due to a high lake 
level. Heavy rains are recorded in both the Abyssinian aid Bahr е! 
Jebel areas 11 1861, 1872, 1878 aid 1879 while feeble raiis affected 
both 11 1858, 1868, 1877, 1882, 1899 aid 1905. 

[1 some other years precipitation 11 each of these regiois seems to 
have differed eitirely in character, e.g., 1859, 1871, 1883, 1902 and 
1903. Besides the effect of the lake, which will maiitaii its level for a 
time after years of heavv raiifall have passed, aid rise slowly after a 
series of dry years has елед, it is certain that precipitation o1 the 
Bahr el Jebel aid in Abyssinia may differ greatly, aid it 1s 10t safe to 
assume thata high Nile flood supphed by the Blue Nile correspoids to 
high levels i1 the Bahr el Jebel though it may do so. 

In April, 1901, the lagoois aid flooded depressions 11 the Bahr el 
Jebel valley were much larger thai in April, 1903, when large areas of 
what was орел water 11 the former year had become covered with a 
growth of reeds. This result is remarkable 11 view of the fact that 
10 special fall iı the low-stage river level at Goidokoro in 1903 had 
акел place, 11deed it was higher thai 11 1901, and the rai y season 
of 1902 had beei ал uıusually heavy oie. It is possible that such 
depressiois ойе do 10t communicate freely with the тал stream, 
aid, having been filled 11 years wher sadd-blocks were iiterfering 
with the 10rmal drainage, their level oily fell slowly whei the blocks 
had bee1 removed; the rains of 1903 accompanied bv a high lake-level 
refilled талу of them by 1904. 


Effect of Atmospheric Pressure.—One meteorological factor. 
the atmospheric pressure, has bee1 fouid to vary over iorth-eastern 
Africa iiversely to the Nile floods, and coisequeitly to the Abvssi- 
11a1 raiifall, with such regularity, that a further study of the subject 
15 being uadertakez. The relation of pressure variations to precipita- 
tion aid the similarity of such variations over wide areas have been 
studied by several i1vestigators. 

I1 preseitiig the evideice of variation of climate.’ Briickner has 


= ee ee 


LU Rlinasehwankungen," Vienna, 1390 р. 215, 
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show1 that in every period of greater raiifall there is a reductio of 
the differeices of atmospheric pressure betweei stations, while in 
every dry period there is an 11crease, aid these variatiois occur both 
in the differeices of pressure between оле station aid aiother, aid 
betwee differeit seasois. 

sir N. Lockyer and Dr. W. J. Lockyer have discussed periodic varia- 
1015 of pressure 11 a series of communications to the Royal Society, ' 
wherein they poiat out that these variatiois of pressure over the [adian 
Oceai aid ieighbouriig regiois are inverse 11 character to those which 
occur in ће Americai area, while certain other regiois are 11termediate 
11 type. | 

Dr. Е. Н. Bigelow has receitly dealt with ^ the syichronism of the 
variations of the solar promiieices with terrestial atmospheric pres- 
sures, and coicludes that “the pheiomeio1 of i1versio1 prevails 11 
the earth's atmosphere, localiziig the effect of solar action 11 two typical 
curves which are the i1verse of ore a1other." The distributio: of his 
direct, 11direct, aid 1idiffereit types agrees closely with that published 
by Sir N. Lockyer * i1 his paper “On the Behaviour of the Short- 
Period Atmospheric Pressure variatio over the Earth's Surface." 

I1 1895, Sir J. Eliot published * a preliminary discussio: of oscilla- 
tory chaiges of pressure 11 lidia, aid showed that’ well-marked 
oscillations having a period of more thai a year, occur over the Lidia 
area, aid are directly related to the character aid distribution. of 
precipitation over the [141а1 moisuni area, aid to the great atmospheric 
movements over І. іа. Receitly, Professor J. Haii has studied ° the 
relation betwee1 the variatiois of pressure 11 Icelaid aid the weather 
coiditiois 11 10rth-wester1 Europe. 

A discussion of all available data coiceriiig the Abyssiiiai rai fall ‘ 
shows that the distribution of raia 11 the differeit moiths of the summer 
is approximately as follows :— 


June. July. August. Se) tember. 
13 per cent. 30 per cent. 02 per cent. 13 per cent. 





mem 


1 On some Phenomena which suggest à Short Period of Solar and Meteorological Chaages, 
Proc. Rov. Soc. vol. 70, p. 501 

* Monthly Weather Review, November, 1903, p. 509. 

Proc. Roy. Soc, vol. 73, p. 457, 1904. 
Indian Meteorological Memoirs, vol. 6, Part 1I. 
Loc. cit., p. 117. 

6 * Die Anomalien der Witterung auf Island in dem Zeitraume 1851 bis 1900 und deren 
Beziehungen zu den gleichzeitigen Witterungs-anomalien tn Nord west- Europa," Sitzungsberichte 
d. k. Akad. Wiss. in Wien," 1904. : 

е p. 212. 
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to move 11 the same directioi, although the amount of excess or deficit 
for алу year 11 the atmospheric pressure may not bear ary definite 
relation to the magiitude of the flood. Of 18 years, iı which there 
was ал increase 11 ће meai pressure of June to September, there was 
a decrease 11 the flood as compared with the previous year 11 16 years 
aid 11 2 years there was ai increase; m 14 years, m which there was 
a decrease 11 the barometric pressure as compared with the previous 
year, 9 years had a1 improved flood aid 5 years had a worse’ flood. 
Therefore, though there is 10t a1 exact agreemeit betweei the curve 
of the mea1 atmospheric pressure for April to September at Cairo, ала 
the 11 verted curve of the Nile floods. there is coisiderable similarity, 
which is worth further i1vestigatio1. 

The years i1 which the agreement is waiting, whei the mea1 summer 
pressure for April to September aid the flood are compared, are :— 


Pressure difference | ,, es Flood difference 
: Pressure difference | 
YEAR from in volume 


i from normal : 
preceding year from previous year! 


Flood ditference 
from тели 


mu. nnn. Million cubic metre« | Million cubic metres 


1871 —0-49 —0*59 —11,800 + 3,184 
1372 +0°44 —0°15 + 3,700 + 6,877 
1374 4 0722 +055 + 21,000 +17,434 
1375 —0:79 —0*24 — 10,700 + 6,709 
1886 40°05 40701 — 5,320 — 5.855 
1901 —(042 —0*00 — 1,500 — 8,661 


If the 11vestigatio1 15 carried out over a wider field, aid the records 
of barometric pressure of other aid more distait statiois are utilised, 
this geieral agreement 15 зеел to exteid to талу of them, also showing 
that variations from the 10rmal pressure occur early simultaieously 
over very large areas.” The variatiois from the 10rmal pressure have 
heen plotted o1 Plate XLIV for the stations of 


Ponte Delgada (Azores). Beirut. Bombay. 
Malta. Cairo. Zanzibar. 
Athens. Aden. Mauritius. 


Here the geieral agreemeit of the maxima aid miıima are well shown, 
as Well as талу of the miror crests. so that it would appear that the 


! The volume of the flood is taken as the volume of water j,assing Aswan between July | and 
October 31. 

2 See Lockyer, Proc., Roy. Soc. vol. 73, p. 157; Bigelow, Monthly Weather Review, November, 
1903; Brückner, * Klitnaschwankungen,” Cha). VI, Vienna, 1390; Haun, Sitzungsberichte. d. К. 
Akad. d. Wiss. in Wien, vol. 110, III, January, 1904. 


1900 
180 


PLATE XLIV. 
VARIATIONS FROM THE MEAN ATMOSPHERIC PRESSURE, JUNE — SEPTEMBER 
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statiois received their raiifall from this curreit aid which from the 
Вау curreit. On plate XLVI the perceitage deviation of each year's 
rainfall from the 10rmal is shown for each of the rainfall districts on 
the west coast of Iidia which are certaiily supplied by the Arabia: Sea 
or Bombay curreit. It will be seer that 11 spite of a1 agreement 11 
талу years, there are others 11 which the reverse relation occurs, 
especially about the period 1881-9. 

sir W. Willcocks, 1 1 a paper at the Meteorological Coigress at Chicago 
11 1892, stated that famiie years 11 lidia were years of low supply 11 
Egypt ; and Sir J. Eliot, i1 his forecast of the probable character of the 
south-west moisui of 1900, supports this." His latest views o1 the 
Iıdiaı moisui are fully set forth i1 his address to Sectio: A (Sub- 
sectio1, Cosmical Physics) of the British Association, 1904.” He con- 
siders that local or geieral drought 11 [idia may be due, апо other 
thiigs, to a larger diversio1 thai usual of the moisui curreits to Burma 
or Abyssiiia, aid later he states that the Nile floods of the period 1895- 
1902 followed closely the variatiois of the гала а 11 Westera India, 
showiig that the Abyssi11a raiifall was more or less geierally 11 defect, 
aid most largely 11 1899 aid 1901.° 

Siice the tropical raiis of all this regio: are all caused primarily by 
the traisfer 1orth-ward of the equatorial raii-belt, followed by the 
10rthward exteisio1 of the south-east trade wiids, it follows that 
probably a weakiess of the wiids 11 one area may also be felt 11 
1reighbouriig areas 11 similar latitudes. But there are other causes at 
work which affect the Nile flood aid may cause it to depart from its 
usual agreemeit with the south-west moisui of Iidia. The alteriatiois 
of atmospheric pressure, which have beer discussed above, certaiily 
exert a modifying influence o1 that westeri portion of the south- 
westeri moisui of the India: Oceaı which provides the rain of 
Abyssinia, aid which but for the influence of local coiditiois should 
closely follow the Arabia: sea curreit of the moisu1 of Lidia. 

It would appear therefore that while the moisui conrditiois of 
Westeri Iidia are closely coniected with those of Easter aid North- 
Easteri Africa 11 the summer months, it is going too far to insist upon 
a complete agreement; deductiois based 01 this without regard to the 
coiditiois 11 Northeri aid Ceitral Africa are likely iı some years to 
be coisiderably 11 error. 


1“ Nature,” August 23, 1900, р. 392. 
? Ibid, August 25, 1904, p. 399. 
з This should be 1902; the 1901 Hood, though below the mean, was much better than that of 1902, 
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effect o1 the subject uider coisideratioi, the Nile flood. This is the 
reaso1 that if the mea1 pressures at Cairo for October to March or еуел 
Jaiuary to April are examiied, they show 10 relation tothe variatiois 
of the Nile flood. 

Лоо conditions.—The agreemeit betwee1 the barometric curve for 
Cairo aid the variation of the Abyssinian raiifall and the Nile flood, 
сал 10$ coiveiieitly be showa graphically wher the тозу pressure 
variatiois аге coisidered, because the discharge of the Nile in differeit 
moiths depeids ол different factors. After October the Blue Nile sup- 
plies a steadily decreasi1g amount, uitil in May its discharge at Khar- 
toum may almost cease; the Sobat is at its maximum 11 November 
aid decreases uitil it, too, supplies hardly ai ythiag 11 April in. a low 
vear ; the combiied discharge of the Bahr el Zaraf, Bahr el Jebel aid 
Bahr el Ghazal is always a practically coistait amount for the purpose 
ofthe preseit discussio. Although, therefore, pressure coiditiois 
might be such 11 November as to favour a heavy raiifall, aid even 
though this might fall atthe equatorial lakes, the Nile discharge would 
10 more be influenced by it thai coiditiois of excessive drought at a 
similar time. [1 short, coiditiois favourable or uifavourable to pre- 
cipitation will affect the Nile flood supply 11 some such way as the 
followi1g :— 

April aid May: advaice or retard commeicemeit of flood; Jure, 
July, August: i1crease or decrease flood; September, October: delay 
or accelerate the fall of the food.. 

[1 other months they will have 10 effect o1 the Nile supply, siice 
10 rain is falling within the effective basi.! The low stage supply is 
due to ће combined effect of the July to August raiifall, aid to the 
September to October later rai1s; а heavy rainy season ceasiig usually 
11 September, aid a moderate raiiy seasoi, followed by proloiged 
September to October rai1s, may both furiish a good low-stage supply 
drawi from the stored grouid-water and the springs of Abyssinia. 

Slice pressure chaiges are practically simultai1eous over wide areas, 
алу effect o1 the river gauge readiigs will take place i1 the flood two 
to four weeks later at Aswan, according to the distaice that the water 
as to How, from where the raiis was falling to the poiit of observation 
a1dalsoon1 the velocity of the curreit, while at low stage the discharge 
is the result of the meteorological conditios 11 Abyssi1iaseveral moiths 


i Strictly speaking, Wadelai on the Bahr el Jebel (lat. 3° N.)., which has November rains,would 
be within the effective basin, since there is a direct waterway from this joint to the lower 
reaches of the Nile, but as the discharge at the mouth of this river, where it Joins the White Nile, 
only varies but little from 390 cubic metres ‚ег second throughout the year, this rainfall has no 
eeasona! etfect on the Aswan discharges. 
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('OMPARISON OF PRESSURE ANUNALIES, JUNE TO SEPTEMBER, АТ CAIRO, 
WITH THE RATIOS or THE NILE FLoops ro A MEAN Ёгоор. 


l'ressure 
anomalyt 


Ratio to 
mean flood 


Pressure 
anomaly 1 


Дано to 
mean flood 


ENGINEERED. CNN doncc c ————————— | اا ف‎ | y omn m a MáÓ€À—— álac—————rü] —PÓÓ —ÓÍ—XX—X———————— ——- [© —— cw——— —Á ———ÓQ P ——J —XÀ—XXU  —————Xá—— — П — P  À€À— xl — e à p инст Ud чы 


иип. пип. 


1۸۵4 1°18 — (°67 1587 1:19 — (4T 
INTO 1°23 — (12 1588 0°72 — 0°06? 
[АТ] 1*05 — (49 1589 1°00 — 0°45 
15/2 1°11 00740 1890 1°12 — (25 
Уб: O №4 + 0*43 1S0] 1°01 + 0:42* 
IN14 1*26 + 0:36? 1892 1°20 —(*52 
1575 1°10 —(0*14 1893 0*99 — 2 
[576 1°09 + 0°16? 1594 1:22 — ()* 3N 
h TN 0* 10 + 0*8] 1595 115 + 0:33* 
] 515 1*24 — O° 86 1896 1°06 + ()°09? 
КУН, 1:14 —]'15 1597 0* 89 + 60:00 
]55N0 (°08 + (°11 LSOS 1°07 — 0* 005 
ISS] 0*0; + 0:11] ] 5910 0* 63 + (0°54 
ISS? 0*54 + 0*60 1900 0* 89 + 0:30 
] 583 1:04 + 0:39 * 1901 0°87 —()' 00%? 
1884 0°83 + (°05 1902 0*63 + 0°11 
1582 (3.99 + 0:02 1903 O° 39 + 0°30 
15580 0*91 + 00:17 


Ву comparing these tables with the тозу mean pressures as give 
o1 plate XL VII it will be see1 how far there has Беел correspoideice 
betweei good floods aid low pressure coiditiois, as well as betwee. 
poor floods aid high pressure coiditiois; the results are set forth in 
the following statement. 

Ratio 
of Hood of 


veur to 
mean flood 


YEAR l'RESSURE CONDITIONS! NILE FLOOD AT ASWAN 


Diea: 


БШ, 1:15 [Carro markedly low both before| Excess all months from June to 
and during flood. October. 

1x70 | 1°23 [Camo low up toJune then пог-! Moderate excess June after- 
mal till Auz., Sept. again Іоу. wards good excess. 

CAIRO low especially June and|15 July-31 August large excess, 
July. decreasing September. 


Carro low in April-July, rose|Considerable excess 20 June- 
in Sept., falling again in Oct.) 15 August and again after 20 
september, between these 

dates normal. 


i Mean of the mean anomalies of the months June, July, August, Se tember. 

2 Years іп а) уагепі disagreement from the rule that — anomalies coincide with floods above the 
average. and + anomalies with floods below the average. 

3 There wre taken fromm xmoothed cur ves. 


PLATE XLVI. 
INDIAN RAINFALL 


ARABIAN SEA CURRENT, PERCENTAGE VARIATION 
FROM MEAN oF MAY TO OCTOBER 


1866 70 2 в b0 2 
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PRESSURE CONDITIONS NILE FLOOD AT ASWAN 


Mauritius, high, falling stead- 
ily except for temporary 
minimum in April. May. 


Burrus, very high January-|Deficient;very deficient 15 July- 
March high June to October,| 20 August. 


low in May. General weakness of rains, 
Cargo, very high January-| unlike India where Monsun 
March, high rest of vear. was good. 


ADEN, about normal. 

MAURITIUS, low minimum April, 
maximum just, above normal 
July. 


BEIRUT, abovo normal May-| Moderate excess Julv-Septem- 

September, maximum July.| ber, with considerable excess 
CAIRO, above normal, maximum] 25 July-10 August. October 
June, July falling to normal] moderate defect. 


October. In this vear the pressure varia- 
ADEN, normal. tions do not agree with the 
MAURITIUS, below normal. . Abyssinian raius; а flood 


below the average im)roving 
in September would have been 
expected from the pressure 
conditions. 


Beirut, low March, then high|Good low stage maintained 
with a secondary minimum in| excess till 15 J une, then defect 
Aucust. | till 20 October whe1 moderate 

(Aimo, high throughout year] excess occurred. 
with minima reaching to nor-| Early rains, and very late rains 
mal in April and again in| fair, but main rains failed, 
December. and this the pressure fairly 

ADEN, high with minima March} indicates. 

August and September. 

Mauritius, low from March to 

Nov. Minimum June, July. 


Beirut, low throughout year|Defect to end of June then 
minimum April. moderate to good excess to end 
CAIRO, low January, February,| of Avast thei again defect. 
November, December, other| High pressure in June seems to 
moiths normal, June above| havecorresponded with weak- 


normal. ness of early rains, while the 
ADEN, observations wanting, July-August rains were bet- 
Mauritius, February-May be-j ter thai might have heen 
low, others above normal. anticipated. 


Beirut, April, May above nor-|Slight defect increasing to con- 
mal, rest below, minima Feb-| siderable 20 July-10 Aveist 
ruary, June and October. moderate excess in Second half 

Carino, high May, July, very! of September. 
high June, afterwards rapid| High pressure corresponding to 
fall. dun of June and July 
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PRESSURE CONDITIONS NILE FLOOD AT ASWAN 


BEIRUT, low throughout the year|In defect till 20 June, then good 


and falling in autumn. excess (except 10-20 August) 
Cairo, low throughout the vear,| and after 20 September larve 
and falling 1n autumn. excess. 


ADEN, low throughout the ear.|The avreement of the falling ' 
ZANZIBAR, low throughout the| pressure with the increase of 
vear, minimum in June. the late rains is well indicated. 
MAURITIUS, very low in March 
then rising irregularly. 


Beirut, March-May high, J uly jJune and July in defect August 
above normal then rapid full.| - fair to good excess, September 

Carro, March-May very high| moderate defect, October fair 
then fall to 10rmal and low] to good excess. 


in November. Rains correspond well with 
А рех, March normal, Junelow,| pressures; Cairo high pressure 
August-December high. with weak June rains, then 
ZANZIBAR, rose to slightly above} low pressure with July-Au- 
normal in July. cust rain and the Aden high 


Mauritius, high, maximum es August, which was 
July, August. ittle marked at Cairo, with 
the September defect. 


BEIRUT, low with maximum inlJune slight excess; July-Septe- 
August. mher good excess: October 
CAIRO, low with maximum in| large excess. 
April-May and September. |The rising pressure in April and 
Аркх, low with maximum June,| May correspond with weaken- 


and minimum September. ed May rainfall, but after- 
ZANZIBAR, low, minimum in| wards with decreased pressure 
September. the rains were considerably 


Mauritius, moderately low,| above the average and con- 
minimum February and De-| tinued unusually late. 
cember. 


Beirut, high in May, June,|June-September good excess, 
normal July, August, October,| and 1-25 August large excess. 
low September. In this year Cairo pressure in 

CAIRO, hich April toJune,then| May, June, is not in agree- 
rapid fall to normalin August} ment with the rainfall; after 
and minimum in December.| this the general rapid fall of 

ADEN, high May, June, low} pressure agrees with heavy 
July-December. rainfall. 

ZANZIBAR, high May-October. 

Mauritius, low, max. in May. 


BEIRUT. generally above normal |J une small excess; July, moder- 
falling to it in Aug. and Sept.! ate excess; Aug. considerable 
Carno,high in March, and June-| defect followed by fair excess. 
August then low September.|September good excess; October 
ADEN, low with а maximum| fair excess. Rainfallirregular 
above normal in August. till August, likethe pressures, 
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Ratio 
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YEAR PRESSURE CONDITIONS NILE FLOOD AT ASWAN 


ZANZIBAR, low until June then 
above normal. 
Mauritius, high. 


1597 0.89 |Вывит, high till Murch, mini-jJune, moderate excess, 25 July- 
mum June, then rising tovery| 25 August considerable defect 
high maximum in December.| afterwards moderate defect. 

CAIRO, high in March, rapid fall 
to normal in June-August. 
Very high maximum in Dec. 

ADEN, rather high till May, low 
June to Se tember then high. 

ZANZIBAR, high March-July 
then low. 

MAURITIUS, high, falling towards 
end of year. 


1595 | 1:07 |Betrut, slightly below normal|1 June-10 у moderate defect. 
with minimum in October. |11 July-5 August large defect. 

CaArRO, generally near normal|6-31 August good excess; Sept. 

after March,low in September] and October moderate excess. 


and October. High pressures at Beirut and 
ADEN, low. Cairo seem to bave interfered 
MAURITIUS, low. with early rain, but as soon 


as they broke down, heavy 
rains ensued to which condi- 
tions were most favourable. 


1599 | 0°63 | Brrrur, high March-December. June, normal ; July, considera- 
Carno, high, March-December.} ble defect. August, Septem- 
ADEN, high, A )ril-December. her and October large defect. 
ZANZIBAR, high, April-Dec. General high pressure caused 
Maunritivs, high, May-Dec. exceptional weakness of rains 
throughout rainy season. 


1900 | 0°89 |Berrut, high from May to Octo-|June considerable defect, July 
her, rapid fall in November} large defect; August, mode- 
and December. rate excess, September con- 

CAIRO, high in April and May,| siderable October defect. 
fall to normal in June, rise Generally insufficient rains hut 
in August and September) improved bv heavy Julv- 
the rapid fall till December.) August rain. 
Aven, high April to August, 
low September to December. 
ZANZIBAR, above normal, high- 
est in March. 
Mauritius, high in January- 
March low April-June, high 
July-December. 


1901 0ST | Brreer, high January to Abril, Moderate defect to end of Septe- 
low May-October, minimum} mber except 14-31 August 
August, when there was moderate 


Ratio 
YEAR psa PPESSUZE CONDITIONS NILE FLOOD AT ASWAN 
mean flood 

Carro, high January-April, just} excess. October, large defect. 
below normal Mav- )etober.| Here rains scen to have been 

ADEN, above normal. weak. generally. 

ZANZIBAR, high except April | 
which was just below normal. 

Mauritius, low April then! 
rising, high July- ecember. 

1902 | 0-03 |Ветвот. slightly above normalidune moderate defect. July, 

till September then low. large defect; August very 

CATRO, above normal with mode-| large defect, September large 
rately high maxima іп Jan-| defect, October moderate de- 
uary, June and December. feet. 

ADEN, low after March. 

MAURITIUS, low after March. 

1903 | 0:39 Hich till end of June; in|Julv and half August large de- 
Jily August considerablefall| feet, chen rapid improvement 
especially at Aden, then a! to normal, and in October to 
rise in October. fair excess. 

1904 | O°75 {Pressure generally in excess in| Normal in June, weak in July, 


N.E. Africa. improved for a while but verv 
deficient after 15 August. 


1905 | 0°65  |Pressure in marked excess over, Late and very weak throughout 
Egypt and the Sudan. season. 


Percentage of Ayreement.—Still we may say that 30 out of the 35 
years, or 86 per ceit, show a good agreemeit of — aiomalies of pres- 
sure with excess of rainfall aid -- a1omalies with a deficieicy, which 
is sufficiently satisfactory to eicourage further study ; it at all eveits 
furiishes a working hypothesis which may be used to estimate 
the probability of a уеагз flood Беле much below or above the 
normal, aid as kiowledge advaices a closer estimate may perhaps be 
formed. 

Low Stage of Nile.—Besides the heavy raiis of July aid August 
which priicipally supply the Nile flood, the meteorological phe1omeia 
may also indicate coiditiois favourable to precipitation at the time of 
the later autumi raiis of September aid October which affect the low 
stage or summer supply of the river. 

The correctior is 10t so simple as in the case of the flood, for the 
effect of heavy autumn raiis may be counteracted by the effects of a 
very deficient raiifall of earlier moiths, while an u1usually copious 
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Mean difference 


from mean gauge Pressure variation Flood rnti froin mean gauge 
Y reading at Cairo ОРЕ readings of March, 
SNE for Nejtember Abril, May, next year. 
flood асс 
Aswan September October Mean Aswan Wadi Halfa 
_— Я inm mm [a em” cin mn 
1885 — 166 T042| —0:45| —0*02 (7? — 82 
1%84 E — (28| +0251 —0:02 1'00 — 07 
1890 + -46 РЕ +097 |} +120) 1°12 = = R 
1891 + 1 T0'68|] —0*77| —0°04 1,0 — 48 — 45 
1892 t 99 — 0'80; —O°61L | — 0:70 1°20 + 123 t 97 
1898 | 27 -=P 08| —0*25 | 0°46 0°99 — 15 + 0 
1894 + 68 —('40| +027 | —006| 1:22 + 104 + 109 
1895 + 41 +092] —0°87| +0*02 1:15 + 5% t 56 
1896 + 73 — (°4 — r] —0*28 1°06 + 66 + 5% 
1597 — 16 —(r-17| +0°92 | +0°38 0* 50) — E) а 
1895 + 4) —0'17| — 1:30] —0*74 1°07 + 11 E 
1899 7152 +011! +0:31| +021 °03 —]25| — ON 
1900 = Oo +0691 OSI +0°48 0'89 == 4] = BI 
1901 = 2 — 00807 | —0:18| —0*12| 0:87 — (6| = 39 
—(0:*39| +0201 =° 05| 0°63 == NA = 39 


1902 T | 


It now: remaiis to examiie the distribution of atmospheric pressure 
over iorth-castern Africa, and for this purpose the moithly mean 
values of the moriiig (8 a.m.) observatio: have beei taken. 
Duriig the last five years a large 1umber of new meteorological stations 
have beei established aid at а certai1 1umber of these barometer 
readiigs are taken regularly ; moreover the levelliig operatiois carried 
out by the Sudai Irrigation service during 1905 have eiabled the 
altitude of the statiois south of Khartoum to be determiied, relatively 
to Khartoum with coisiderable accuracy. The isobars drawi on the 
basis of these observatiois are therefore correct withi1 a small amount 
uitil the desert region lying west of the tweitv-111th meridiai is 
reached aid here the uicertaiity commerces. However the certain 
result is that the distribution of pressure over 1orth-easter1 Africa 
differs radically from that hitherto give 11 isobaric charts of Africa. 

The altitude of Khartoum is derived from two linhes of levelling 
carried out by the Sudan Railway Departmeit from Wadi Halfa to 
Khartoum aid from Suakii to the Nile филе the coistructioi of 
these lines. The differeice betwee1 the values thus obtaiied was 
20 feet or 6 metres, aid the mean value has been факел here, giving 
372 metres for the zero of the preseit Khartoum river gauge. ' 


t The Sudan Irrigation service have taken this zero to be 370 metres above Mediterranean 
sea level, 
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From the meai monthly values of the atmospheric pressure (reduced 
to 0°C., sea level, and lat. 45° №.) the isobaric charts 01 Plates XLV« 
and XLV have beei drawi to show the distribution of pressure in 
Jure, July, August aid September for 1904. Previous to this the 
available stations 11 the Sudai were fewer and, the observatiois having 
bee receitly commenced, the results are 10t so reliable, but charts 
prepared from them show clearly the very proiouiced treid of the 
isobars from iorth to south along the Nile valley iistead of ruı1l1g 
westwards to the west coast of Africa as has hitherto beei assumed, 
whei the oily observations available were those of coast stations. 

The gradieit which is formed 11 Jure from the Nile valley towards 
the Persian Gulf becomes steeper in July and August, but it does 10t 
exteid westwards to any marked exteit. Here over the Libyai desert 
15 a wide area betwee the 3th aid 25th meridiais where there seems 
to be little chaige of pressure, aid travellers report light aid variable 
wiids 11 the summer. Further west the pressure iicreased as we 
approach the ceitre of high pressure which lies 11 the 1eighbourhood 
of the Azores, aid whose тозу variatiois of pressure are givei on 
Plate XLVI for Porte Delgada. This is оле of the great permaieit 
areas of high or low pressure which have bee1 called “actio ceitres ” 
by Teisserenc de Bort who’ has showi how powerfull v their move- 
теле to aid fro from their mea: position affects the climate of the 
couitries rouid, causing it to be dry aid cold, or warm aid moist 
accordi1g to the meteorological co1ditio1s caused by the relative position 
of these ceitres of high or low pressure. 

Professor E. D. Garriot thinks? that a similar effect is caused i1 the 
United States by a chaige of the position of the high pressure over 
the North Atlaitic: 

“ Малу well-informed meteorologists are of the opi1ioi that the лехі 
advance in the art of weather forecasting will be accomplished bv а 
correlation of the greater aid lesser areas of high aid low barometric 
pressure of the 1orther1 hemisphere or of the globe. The forecasts 
now issued by meteorological services are based upoan skill acquired by 
study, observation, aid experieice 11 calculating the development, 
movements, increase, aid decrease 11 11teisity, aid magnitude of areas 
of high aad low barometric pressure that appear within areas covered 
bv the telegraphic reports of the several services. The depeideice of 


—— ————ÉÁÉÁnÓ————P— ‚—ыччччычч--ҥ—ҥъ—чэ=——=ы——Є—— ا‎ 


! ‘Auuiles du Bureau Селим Météovologique," Paris, 1833. 


* Bull. 35 U.S. Dept. of Agric. Weather Bureau Long Range Weather Forecasts. by E. B. 
Garriott. 
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these lesser high aid low areas upon the greater or coitiieital aid 
oceaiic so-called permaieit areas of high and low barometric pressure 
is recognized, aid the factis admitted that a kiowledge of the character 
aid movements of the greater masses of the earth’s atmosphere, as 
represeited by the coitireital aid осеаліс seasonal high aid low areas, 
15 esseitial to calculations of weather coiditiois 11 алу giver section 
or locality for periods greater thai two or three days 11 advaice. For 
it is appareit that upor the exact location aid magnitude of these 
greater high aid low areas for а day, week, moith, or season does the 
character of the weather 11 the regiois which they dominate depeid. 
For instancea slight shifting to the westward of the summer North 
Atlaitic high pressure area gives uiusual heat and generally dry 
weather over the easter1 portio of the Uiited States. If the ceitre 
of the high area shifts to the westward, south of its usual position 
ах regards latitude, the heat is geieral from the Gulf of Mexico 
to Canada; if the ceitre occupies a more iortheri latitude in its 
westeri position the heated area is coifiied to the more iortheri 
districts of the easteri portion of the United States, aid the South 
Atlaitic States receive the benefit of easterly wiids from the ocean. 
When the Atlaitic high area occupies ai easterly position over the 
оселл, or exhibits pressures below the 10rmal, cool weather for the 
хеаѕо1 or at least variable temperatures, are experieiced over the 
easter1 portion of the Uiited States. [1 fact, the North Atlaitic 
high area coitrols to a great degree 10t oily the summer weather 
of the greater part of the United States, but also the course aid 
character of West 1 іал hurricai es." 

It is therefore of importaice to determine the distribution of 
pressure over North Africa in the summer moiths in the light of the 
receit observatiois which are represeited i1 Plates XLVa, aid ХҮР. 
А зу represeitation of it at the preseit time can only be provisional 
si1ce observatiois are few in the most importait region, viz. between 
lake Chad aid Timbuctu, and 10 altitudes are accurately Коул. А 
distribution which appears to be possible, if 10t also probable i1 July, 
so far as data at preseit exist is show1 01 Plate AL VIII, where an 
area of low pressure is show1 lying in the 1eighbourhood of lake Chad. 

The evideice for its existeice may be stated briefly as follows. 

1. The isobar represeitiig 759 millimetres of pressure lies at a short 
distaice to the west of the Nile aid probably that of 760 also; 

2. The 760 millimetres isobar also lies 1ear the west coast of North- 
Africa aid iorth-coast of the Gulf of Guinea, as determiied by 
observation at coast statiois; 
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of equatorial rai1fall, aid those of July as iidicatiig the coiditiois on 
the Abyssinian HA Haviig taker the spring moiths, he was led 
to coisider that a high temperature aid a low pressure eee with 
the low flood, aid a low temperature aid high pressure with a high flood 
basiig his view o1 the years 1870 to 1881. 

Veitre Pasha,’ 11 a paper ол the hydrology of the Nile, discusses 
the possibility of predicting the flood, aid coicludes that the kiowledge 
of the force and direction of the winds 11 the 1eighbourhood of Ade. 
aid Zaizibar should furiish a basis for satisfactory forecasting. Не 
refers to some iivestigators who have endeavoured- te trace a co11ec- 
tion betwee1 the Nile floodaid the barometric pressure aid temperature 
at Cairo, but that such a relation is possible he denies, appareitly оп 
the ground that the distaice betwee the equatorial lakes aid Cairo is 
over 3500 kilometres, aid coisequeitly too great for meteorological 
pheiomeia at the two places to have алу relation to ore a1other ; but 
it is with the Abyssiiiai plateau some 2200 kilometres distait that 
we have to do, aid also variatiois of barometric pressure are frequently 
fouid to occur over as great aid еуел greater areas. 

Veitre Pasha also speaks of what he coi1siders to be a law’ viz., that 
а low flood is followed by a low summer supply, but this is oily a 
1atural sequeice, since а low flood meais insufficient raiifall o1 the 
Abyssinian area, aad coisequeitly the September raiis are likely to be 
also below the average. Therefore the springs aid streams will run 
low or dry sooier thai in wetter years, aid the Sobat aid Blue Nile, 
the two variable factors of the summer or low-stage supply, will be 
furiishiig but little. Оп the other һала, it will sometimes occur that 
a seaso1 of deficient raiifall may improve towards the eid, as was the 
case 11 1903, мһе the iicreased raiifall 11 the autumn provided а 
good low-stage supply for 1904. 

It is, therefore, rather o1 the amonit of гал falling at the eid of 
the rai1y seaso1 11 Abyssinia, aid its coitiruaice iato the autum 1 
moiths, that a good low-stage supply depends; the Sobat keeps up the 
level of the White Nile with the water it brings from the high-laids 
of kaffa, aid the Blue Nile is fed by its tributaries 11 Gojam aid 
Wallega. Г 1903, the Blue Nile was dischargiig зо иле at Khar- 
toum on the 8th, 15th, aid 23rd of May, after the deficient rai fall 
of 1902. 


1 Bull. Soc. Khed, Géoz., January, 1894, Cairo. 
? Joc. cit. p. 41. 
3 The Aswan Reservoir and Lake Moeris. London, 1904; aud Soc. Khéd. Géog., January 1904 
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YEAR Zauzibar 1 Е Zanzibar 1: pro Zanzibar! of Vs TA 
А ril July Ma August April + May renee 
1877 — d^ + 47 — 131 — 10) — 1%) 0* 70 
1815 + №9 — Yt — 100 10 — 21 1°24 
1579 T" | с ste “з 1°14 
1880 -- 1» 1 122 —]20 + 3i — 105 O° ds 
1851 — 140) — 44 + d» — 7S — 1 0* 03 
1552 — 3b — t1? — & — NO) — 44 0* 84 
1553 — 22 15 — 14 + дә — th 1°04 
1554 — 10 — 4.) 8 — (2 + 5 0*8 
1555 M -— Tn “э ч" 0-00 
1856 -— < š - 0*01 
LSS/ - zs m $55 1°19 
1885 га а € jd T 0* 72 
1559 + 235 — 01 — 1905 + 14 + 35 1°00) 
1890 - s Ps ae es 1:1? 
1591 - — 5 +136 + 3) +136 1°01 
1892 — 13% — ov — 91 + 40) — 102 1°20 
1893 + 50 — 54 +44, + 2 +100 0*90 
1894 — 92% + b? — 7 + (2 — 2535 122 
1895 — 114 + 62 — 63 +14; — 2 1:15 
1596 — Íx) + 35 + 17 NE. 2 — 48 1°Ob 
1897 + 112 + 2 + 5)? | — Ob T 221 0°59 
159% — 073 — В] —171 | +42? —31 1°07 
1899 T 214 — 292 + 231 — 144 + 445 0* 63 
1900 + әз — 103 — 0 + 11 + 49 () Ө 
1501 + 142 — 0) 4-185 — 10 + 327 0^ 97 
1902 — utl —120 + 45 — 250 — 2] 0* 623 
1903 — 17 — 9 — 41 — b7 — 598 O° do 
1904 + 252 — 92* + 281 — 3)? + 333 O° 75 
1905 4 i51 — 124° + 1 — 104° + 458 0* 62 


It will besee1 that almost without exceptio1, excess of subequatorial 
raiı fall was followed by low levels of the Nile flood. The reverse is 
10t so invariable for while deficient rainfall 11 such years such as 
1892, 1894, aid 1898 was followed by good aid ever high flood, in 
other years similar deficiency was the result of a general weakaess of 
raiifall iı this part of Africa as iı 1881, 1902 aid 1903. 


Summary.—We have веет therefore that, whei the Nile floods 
are exami1ed for a period of about 115 years during which the records 
have all the appearaice of being comparable aid reliable, no regular 
alteration of high aid low floods is to be found. 

luring to the meteorological coiditiois, atmospheric pressure 1n 
iorth-easteri Africa appears to vary 11versely as the raiifall of Abys- 


! Excess or defect of rainfall in millimetres. 
* Excess or defect in centimetres of mean gauge reading of month. 
3 Wadi Halfa gauge readings used. 
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siala, aida similar relation between pressure aid raiifall has bee. 
demonstrated 11 other parts of the globe. The distributio: of pressure 
in the summer months 11 the light of receit information. shows that 
the Asiatic low pressure in the moisui seasoi is abruptly terminated 
about the meridian of the Nile vallev aid to the west of this there 15 
probably ал area of almost equal pressure iiterveiiig betwee it aid 
the high pressure of the Azores-actio1 ceitre while i1 summer a low 
pressure area may lie tothe south-west. The eicroachmeit of this 
high pressure on the easteri part of North Africa may produce 
there the uifavourable coiditiois of high pressure which have bee. 
recognized as coiicidiig with deficient rainfall on the Abyssiiiaà 
tablelaid, while coiversely its withdrawal so as to allow of deepeniig 
or exteisioi of the low pressure trough probably acts favourably towards 
the coiditiois of precipitation 11 Abyssinia. 

It seems that the two priicipal factors to be coisidered are firstly 
the streigth of the south-east trade wiids as they progress from the 
south to the 1orth of the equator, aloig the easteri coast of Africa, 
aid secoidly, the excess or defect of atmospheric pressure in the area 
represeited by Aden, Cairo, Beirut aid the regio: lying to the west of 
this; the subequatorial raiifalli1 early summer must also be coisidered. 

So far as our kiowledge goes at preseit it may be said that :— 

l. Geierally speaking the curve of Nile floods varies inversely as 
the meai barometric pressure of the summer months, high pressure 
ассотралу low: floods, aid low pressures ассотразу high floods. 

2. These pressure variatiois show a great similarity over wide areas, 
but seem to be to some exteit depeideit ирот the position of the 
Azores high pressure “ actio1-ceitre.”’ 

9. lakiig the moithly meais of atmospheric pressure, this relation 
is evel more clearly showi, aid pressure above or below the normal 
11 moiths of the rainy зеазо1 of Abyssinia coiicides closely with 
deficiency or excess of rainfall, 

4. Taking the 37 years—1869 to 1905—in 6 years out of T a very 
fairly accurate prediction of the flood from month to moith could have 
bee1 made, aid there seems a геазола е probability that further and 
more detailed study of the coiditiois above described тау increase the 
reliability. 

9. The effect of excessive subequatorial rainfall in April and Мау in 
the 1eighbourhood of Zaizibar seems to have a distinctly prejudicial 
effect on Abyssiiiai га115. 
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APPENDIX 1. 
CONVERSION TABLES. 


Millimetres to Inches. 


———— 


MHH- 











































































































50 60 
metres Comparison 
100 5*9 6:3 : of 
200 °8 10*2 i thermometrio 
300 13*8 ]1*2 : 
400 17:7 | 18°1 scales 
500 21*7 22*0 
600 25*6 26*0 
700 2-5 29-9 > ا“‎ 35. 
$00 33:5 | 33-0 m Пр: 
900 37*4 37 °R ы | j= Xrs 
= a ее = 2|£E£ mrü 
Metres to Yards. $ 5 |5374 
ڪڪ‎ = ~ 4| 39.2 
Metres 10 20 50 60 70 41°0 
ا‎ шз ا‎ | Е ӘСЕ ЕС Т 12:8 
100 | 109*4] 120*3| 1312р 142.2 | 153*1 163*0 | 172c0 | 1859 | 196:9 | 207*8 i 44°06 
200 | 218:7| 229*7| 26| 21° | 202.5 | 27374 | 28453 | 29573 | 36.2 | 31772 ^ +0° 4 
300 | 328*1[ 38:10] 350*0| 360*9 | 3718 | 352.8 | 837 | 404*6 | 415*0 | 426755 Э 45°72 
400 | 437*5| HSA 4593) 42073 | 4dsI72 |]. ИЕ DORSE | SLELO | S249 | 53579 10 0*0 
3060 БАА Hoe Sp DR meet 5UU0* 6 60] *5 612*4 623*d 63173 645-2 11 51*8 
600 | 656*2| 667*1| охе 689.0 | 60940 | TIO | 721:8 |. 732.7 | 7437 | 75416 12 23-6 
700 | 765*5| TS] ТТ Tasted | көз | коого | 831:2]| S291 | S530] 8640 13 55*l 
NOD 879| МЕ S'S GOT: 0]8*7 929 6 040*0 Jolto 962 * 4 14 57.9 
YOO | 984:3) 99542/10067] I017*1 | 1028-0 | 1939*0 | 1049*9 | тосох | 1071*8 15 59-0 
Kilometres to Miles. е Е 
эе E E pa” 
P or | 5 In| 644 
26 30 40 50 80 90 » e 
NES acces GENRE ЕЕЕ Е ЕЕЕ 90 68*0 
1 00 KÜ N NU 03*2 111°9 118*1 
200 | 124:3| 13075| 136*7| 14279 | 14991 | ses | ийе | 01678] 1740 | 18072 | 21 9*8 
300 } 92*6| 1988| 90570 | 90-8 | 21775 | 32:07 | 9299 | 2361 | 2423 | 22 11*6 
100 | 254*8] 26101 260;:2 | 27304 | 270976 | 28578] 929271 | 295.8 | 304.55 1 239 Б. 
500 |: 316*9| 323r1| 32073 | 33575 | MEN | 3080 | 35452 |. 36004 | 36676 21 702 
GOO | 872:8] 379*0| BRB 39153 | 39777 | 4039 | Hol | 41693 | 422.5 | 428*8 25 (0700 
100 Зэ“ 2| ЧУ 4586 аНЫ 1060 | 472°2 47м 451 *7 490*9 | 26 748 
suo 7°1| à03:3| 509*5| 515*7 | 522-0 | 53872] 2344 | 54076 | 5468 | 55370 27 «0*6 
YOU nog УЕ" i 590+ 9 596*3 ti? 7 Hus * 9 015*2_ JN yi «4 
е z 8412 
Square metres to Square feet. E E 
40 50 60 RO 90 EI X 
RSEN к= ais CS ыыы چ‎ aaa == ———==— ынсы 33 91 *4 
100 [1076511184212 14] 1399:5| 12507*1| 1614:8| 1722:4| 1830*1] 1937°7| 20454 24 03 *2 
200 |2153*0|2900°7|2368*8| 2470 25580] 2691:3| отоке] 2906*6| Зот 31219 35 95*0 
300 |3220-5]3337*2|3444*8| 3552:5| Bol] зем] Bro 3UN3:1| 4090°7| 4198*4 а 
400. [4306*1]4413* 71452173]. 4629°0] 4736*6| ЧАН 405270] 5059*6| Slit] 527479 n db 
500 [5382*615490*2/:52597*9| 5705*5| SSID DIOS 0028.5] 61361] 60243*5| 6351*4 3 
û00 [G459*116566*7;6674*4|  6782:0| GST] 6997*3| 7105°0| 7212:6| 7320*3| 7427*9 BR | 100"4 
700 [73535:6|7643:2,7750*9| тхо] 796612] мота RIST] s2891] 839608} 850474 39 |  102'2 
400 |s612*1|N719*7|8927*4| RBS] HDT] огоз] 92580] UDG 9473*3] 9580 9 10 | 1040 
900 ([O0fss*6[9796*2'9903*0| ТОЧЬ Тоор 102209 HOO] 10442*2| 10540 8|1005675- 41 105*8 
Ё 2 | 107°6 
Cubic metres per second to hundreds of cubic feet per second. 3 | 10944 
= = 44| 111.2 
0 100 | 200 300 400 500 ; 45 [211370 
кашканы ЕЕЕ ЕЕЕ ЕЕЕ aec cpu IKE ЕЕ рр КС с. 
0 0 3: 71 106 ] 41 177 212 247 283 318 ы 47 | £ 116*6 
1000 353 | 388 | 424 459 ин 530 AGS G00 636 671 = yx |51154 
2000 706 | 742 | 777 412 SAN хм 018 054 ONU 1024 | = 49 | 2120-82 
3000 | 1059 | 1095 | 1130 | 1165 1201 1236 1271 1307 1342 1377 [7 sy |” 192.0 
4000 1413 | 1445 | 1483 1519 1554 159 1621 16600 ] 6:5, 1730 | 
5000 | 1766 | 1801 | 1x36 | 1872 1907 1942 1978 2013 2048 2084 
6000 | 2119 | 2154 | 2190 | 2225 2260 2205 233] 2319 2101 243; 
7000 | 2472 | 2507 | 2543 | 2578 2613 2044 2684 2719 2755 2790 
5000 | 2825 | 2861 | 2896 | 2931 2966 3002 3037 3072 3108 3113 


3249 | 32: 3320 3325 3390 | 3128 | B3461 | 3496 








APPENDIX II. 


BIBLIOGRAPH Y. 


SES (| 











А LIST OF SOME Books AND PAPERS WHICH BEAR ON THE PHYSIOGRAPHY 
OF THE NILE BASIN. 
ABBREVIATIONS. EXPLANATIONS, 
G. J. Geographical Journal. 
Р. К. G.S. Proceedings of the Royal Geographical Society. 
J. В. а. S. Journal of the Royal Geographical Society. 
B. S. G. Bulletin de la Société de Géographie, Paris. 
P. M. Petermann's Geographische Mitteilungen, Gotha. 
b. I. E. Bulletin de l'Institut Egyptien, Cairo. 
1. d'Abbadie A.— Observations relatives à la Physique du Globe faites аи Brésil 
et en Ethiopie, Paris, 1873. 
2. B. S. G., Oct. 1860. 
3. Ardagh, Sir J.— Nilometers, P. В. С. S., 1889, p. 28. 
4. d'Arnaud.—: Mem. Inst. Egypt., tome I., Paris, 1861. 
9. Austin, Major Н. Н. R. E.— Among Swamps and Giants, London, 1902. 
6. — Surrey of the Sobat Region, (х. J., May, 1901. 
(f With Macdonald in Uganda, London, 1903. 
5. Baker, Sir B.—The River Nile, Min. Proc. Civ. Eng., vol. LNX., р. 367. 
9. Baker, Lieut. J. А. К. N.— Geographical Notes of the K hedive's expedition 
to Central Africa, J. R. G. S., 1894. 
10. Baker, Sir S.— The Nile Tributaries of Sle, 4th Ed., London, 1894. 
11. The Albert Nyanza, London 1872. 
12. Ismailia, London, 1895. 
13. Account of the Discovery of the second Great Lake of the Nile, 
Albert Nyanza, R. G. S., 1866. 
14. Ball J.— Geology of Aswan Cataract, Survey Department Egypt (in the 
press ). 
15. Barker B—Syria and Egypt under the last five Sultans of Turkey, 
London, 1876. 
16. Barois J.—Les irrigations en Egypte, 1904. 
17. Baumann O.— Durch Masailand zur Nilquelle. 
18. Beke €.— Routes in Abyssinia, P. В. G. S., vol. МУ, 1842. 
19. Betton €.S.— The Murchison. Falls, Nature, June 19, 1902, 


. Eliot, 


— 392 — 


Bigelow F.H.— Studies on the circulation of the Atmospheres of the sun and 
earth. Monthly Weather Review, Washington, 1903. 

Blanford W. T.— Observations on the Geology and Zoology of Abyssinia, 
London, 1870. 


. Bludau A.—J)ie Areale der aussereuropiischen Stromgebiete, II Afrika, 


P. M., 1897. 

Borchardt L.—Nilhöhe und .Nilstandmarken, Abhandl. d. Ко]. Preuss. Akad. 
d. Wissenschaften, Berlin, 1905. 

Bottego.—L’ Ото, Milan, 1898. 

Bowring J.— Д report on Egypt and Candia, London, 1840. 


. Brard, Pater.— Der Victoria-Njansa, P. M. 1897. 


Broun A.F.—Some notes on the Sudd formation of the Upper Nile, Jour. 
Linn. Soc., July, 1905. 

Bruce J.— Travels to discover the source of the Nile 1768-1773, 2nd Fd. 
Edinburgh, 1806. 

Brückner E.— Alimaschicankungen, Vienna, 1890, 

L'irrigation dans la péninsule ibérique «t. dans 

Nord, Paris, 1902. 

Cailliand 'T.— Voyage à Merowe, au fleuve Мате au-delà de Fazogl, dans le 
midi du royaume de Sennar, a Syouah et dans les cinq 
autres Oasis, Paris, 1820-1827. 

Casati.— Ten years т Гоната, London. 

Cecchi A.—Da Zeila alle frontiere del Сара, Soc. Geog. Ital., Rome, 1880. 


P Afrique du 





іп св f. 


. Chavanne.—A/friha’s Ströme und Flüsse, Vienna, 1883. 


Chélu A.— Le Nil, le Soudan, P Egypte, Paris, 1891. 

Combes Г. et Tamisier M.— Voyage en Abyssinie, Paris, 1838. 

Curzon R.— Visits to the Monasteries of the Levant, London, 1850. 

Dantz.— Jie Reisen des Bergassessors, Dr. Dantz in mm cmn 
Mitt. а. d. Deutsch. Schutzgobieten, 1902. 


. Deliné-Radcliffe, Col. C.— Surveys and Studies in Uganda, а. J., Nov. 1905. 


Dermott, Rev. J. V ree Island of Ukerewe, Victoria Кали. Proc. 
R. а. S., 1892. 

Dove K.—Aulturzonen von aVord- Abessinien, 
Gotha, 1857. 

Dovyak.— P hysikalisch-geographische Beobachtungen am oberen Nil, P. M., 
1850. 

Dupuis €. E.—A Report upon lake Tsana and the rivers of the Eastern 


Sudan, Cairo, 1904. 


P. M. Erganzungsheft 97, 


. Dyé A. H.— Le Bahr el Ghazal, notions générales sur la province, les rivières, 


les plateau:r et les marais, Annales de Géographie, 1902. 
A preliminary discussion of certain oscillatory changes of pres- 
sure of long period and of short period in India, Ind. Meteor. 
Mem., vol. 6, Pt. II. 
Report on the probable character of the south-west monsun rains 
of 1900, reviewed in Nature, Aug. 23, 1900. 

Address to Section A (subsection cosmical physics) of the British 
Association for the Advancement of Science, at Cambridge 
1904, Nature, 25 Aug. 1904. 


Sir J. 





THIS PAGE IS LOCKED ТО FREE MEMBERS 


Purchase full membership to immediately unlock this page 


ELVE INTO 
NTASY, МАСІ 


4, 








































‘Full Membership gives * 
‘access to 797,885 ancient MN 


and modern, fiction and = 







| 3 
A IA E Фр 
n чи 
1 Wa ~ 


"^... 
AL 


"s A 

"4 A 

yaaah 
a a 


„ а. 


Е. 
" 


=7 ad of 


Continu 


"Fair usage policy applies 


NI. 
м. 
S). 
ed. 
e). 
SO. 


) 


M. 


NO. 


0). 


1. 
ds 
0. 
4. 


05. 
96. 
07. 
OS. 
ae 
100. 
101. 
102, 
105. 


104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 


115. 


114. 


116. 


— 394 — 


Hermann № —PMitt. a. d. Deutsch Sechutzeeboiten, 1822. 

Heuglin Г. von.—/eerse in „Мол Afrika, 1852-2. Gotha, 1851. 

Reise in das Gebiet des weissen Nil, Leipzig, 1864. 

Reise nach Abessinien 1861-1862, Gera, 1874. 

Hobley €.NV.— Aucirondo, (1.J, Oct. 1898. 

Holroyd A.T.—///jypt and Mohamed Ali Pasha in 1837, London, 1838. 

Hooker E.H.— The suspension of solids in flowing Water, Trans. Ame. 
Soc, Eng. 1896. 

The Sadd of the Upper Nile, its Botany compared with that 
of similar obstructions ап Bengal and American waters, 
Ann. Dot. Sept. 1902. 

Hutchinson E.—.Voles on Victoria Nyanza, Proc. В. Ч. S. 1873. 

Jephson H.— Jn Pasha, London, 1890. 

Jessen В.И.— South Westera Abyssinia, а. J. 1905. 

Johnston H.— The Uganda Protectorate, London, 1902. 

The Nile Quest, London, 1904. 

Judd, Prof. J.W.—A /éeport on the deposits of the Nile Delta, Proc. Roy. 
Soc.. vol. 61, 1830. 

Junker W.— Travels in Africa, London, 1892. 

Janko.—Jas Nil- Delta, Buda-Pesth, 1896. 

Kandt R.— Capit Nili, Berlin, 1905. 

Kaufmann.— Das (теме des Weissen Flusses, Brixen, 1861. 

Kaufmann Р.— Sur le Pp Лепін Хи Vert, Revue d Egypte, 1597. 

Kirkpatrick, Captain R.— Lahe Choga, €. J. April, 1899. 

von Kloden G.— Pas Stromsystem des oberen ХЦ? Berlin, 1856. 

Knoblecher.—-Reise auf dem Weissen Nil, Laibach. (Edited by Кіл). 

Koettlitz I.—.1 journey thiough Abyssinia to the Nile, Appendix Geology, 
(ч. J. March, 1000, 

Kupka P.—.Vil-Gezeiten und Dewasserung, Mitt. Geog. Ges. Wien, 1893. 

Lampe F,—Die Bewasserung Aeqyptens, Zeitsch. f. Erdkunde, Berlin, 1902, 

Lefebvre T.-— Voyage en Abyssinie 1839-1843. Paris, (no date). 

Lejean.—B. S. G., June 1802. | 

Les Deux Nils, Paris, 1866. 

Lemaire, Commandant H.—.Vission scientifique Congo-N il, Brussels, 1905. 

Le Roux И — елей К et Nous, Paris 1902. 

Liddell Major J. К. E.— Journeys in the White Nile Region, G. J. 1904. 

Linck G.— Beitrage zur Geologie und Petrograplie von Kordofan, N. Jahrb. 
f. Min. Geol. и. Pal. 1903. 

Bericht über seine Reise nach Kordofan, Verh. d. Gesell. f. 

Erdkunde, Berlin, 1901. 

Lockyer, Sir J.N.—On solar changes of temperature and variations in 
rainfall in the region surrounding the Indian Ocean, Proc. 
R. S. vol. 67. 

Lockyer, Sir J.N. and W.J.— On some phenomena which suggest a short 
period of Solar and Meteorological changes, Proc. В. Ñ. 
vol. 70. | 

Lockyer, Sir J.N.— On the behaviour of the Shoit-period atmospheric pires- 

| sure variation over the ИР surface, Proc. В, S., vol. 73. 











Hope C.W. 











117. 
118. 


119. 


129. 


Ба Бы ры ыы м 

б Oo WW 15 

C. VI бє e М 
t ë ft HE 


129. 
130. 


151. 
152. 
133. 
154. 


135. 
136. 
13/. 
135. 
13%. 


1340. 


111. 


145. 
144. 
145. 
146. 
147. 
148. 
149. 
150. 





Lombardini K.—77ssai sur Р Hydrographie du Nil, Milan. 1365. 

Lucas А.— The Blackened rocks of the Nile Cataracts and of the Рау рат 
Desert, Cairo, 1905. 

Lugard, Sir F.— Travels from the Fast Coast. to Uganda, 
Edwaid and lake Albert, Proc. Ц. G. S., 1892. 

Lyons, Captain H.G.—On the variation in level of Lake Victoria Nyanza, 
Cairo, 1904. 


luhe Albert 











On the relation between variations of atmospheric pressure im 
North-Last Afmea and the Nile flood, Proc. Roy. Soc. 
vol. A. 76, 1905. 
— The dimensions of the Mle and its basin, J. GQ., Aug. 1905. 
m The Nile Flood and its Variation, G. J., 1905. 
The Rains of the Nile Basin, 1904, Cairo, 1905. 
The Rains of the Nile Basin, 1905, Cairo, 1906. 
Macdonald, Maj. Gen. J. К. L.— Journeys to the North of Uganda, 


(x. J., 1899. 
Mackenzie W.C. and Foaden J.—.JMeanures in Egypt and Soil Exhaustion, 
Jour. Khed. Agric. Soc., 1890. 


. Mackenzie W. С. — The Manunal value of Nile Mud, Jour. Khed. Agrie. 


Soc., Cairo, 1899. 
Jour. Khed. Agric. Soc., vol. I. 
Mahmoud el Falaki,—Sur la possibilité de prévoir les hauteurs de [а crue 
du Mil, B. S. а. Khed., 1885. 
Malte-Brun.—B. 5. G., Paris, A,ril, 1864. 
Manoug J. L.— Données utiles sur la crue du Nil, Alexandrie, 1882. 
On the Гоца Vilometer, р. R. G. S., 1889. 
Markham, Sir C.— Geographical results of the Abyssinian Expedition, 
J. R. G. 5., 1808. 
A history of the Abyssinian ecpedition, London. 
Marno E.— Der Bah? Serat, P. AL, 1873. 
Reisen im Geliete des Blauen und Weissen Nil, Wien, 1874. 
Besertiqung Чет Grasbarren in Bahr el (rebel. P. M. 1380. 
Die Sumpfregion des dquatorialen Nilsystem and deren Gras- 
harren, P. M. 1531. 
de Martonne E.—Aydrographie des oberen Nil-bechens, Zeitsch, f. Erdk. 
Berlin, 1395. 
La vie des peuples du Паш Nil. Annales de Géographie 
15 Oct. 1896, Paris. 
Means T. H.— Reclamation of Alkaliland in Egypt. Bull. 
Agric. Washington, 1903. 
Menges J.—-lusfug in das Somaliland, P. M. 1384. 
Michel C.— Vers Fachoda, Paris, 1900. 
Morill.— The Floods of the Mississippi, Washington, 1397. 
Morlang J.—P. M. Erganzungsheft. 10. i 
Moore J.E.S.— To the Mountains of the Moon, London. 1901. 
Munzinger W.— Ostafrikanische Studien, Basel, 1553. 
Mustafa Magdali.—Meém. Inst. Egy t., t. 1. Pasis 1802. 
Neumann O.— From the Somali Coast. through Southern Ethiopia to the 
Sudan, G.J. Oct. 1902, 








1560. 














L.S. Dept. 


151. 
185. 
156. 
187. 
188. 


— 396 - 


Nordmann.— Das Klima von Abessinien, Marburg, 1888. 

Peney.—B. 5. G., July, 1863. 

Perkins E. A.— The Seiche in American Lakes, Am. Meteor. Quart. 
Jour. Oct. 1893. | ES 

Petella ©.— Л/аѕѕана ed Assab, Rome, 1894. 


22. Petherick J.— Travels in Cential Africa, London, 1869. 


Egypt, the Soudan and Central Africa, London, 1861. 

Plowden W.€.— /'ravelstn Абуззпиа ата the (тайа Country, London, 1868. 

Poncet J.—Le Fleuve Blanc, Paris, 1863. 

Preumont G.F.— T'he geology of part of the Congo lee State. Quart. 
Jour. Geol. Soc., Aug. 1905. 

Pringle, Major J. W.—R. E.— With the Railway Survey to Vittoria 
Nyanza, G. J. Aug. 1893. 

Prompt.—La Vallée du Nil, B. I. E. 1891. 

—2 a Vallée du INil—Réseivoi) des Givafes, B. T. E. 1898. 

Soudan Milotique, B. I. Е. 1893. 

Pruyssenaere.— .\otes of, edited by Zóppritz, Pet. Mitt. Erganzungsheft, 
50, 51, 1871. 

Public Works Ministry, Egypt.—dadnnual Reports, Cairo, 1882-1905. 

Ravenstein, E. G.— The Climatology of Africa, Brit. Assoc. Comm. 
Reports 1893-1901. 

— The lake level of Victoria Nyanza, G. J. 1901. 

Richmond, Н. Droop.— The Chemistry of River” Waters, London. 

Rohlfs G.—Meine Mission nach Abessinien 1880-1, Leipzig 1883. 

Rüppel E.— Reise in Ahyssimien 1831-33, Frankfurt a. М. 1840. 

Russegger J.—/teisen т europa, Asien, und Afrika, Stuttgart 1841-9. 

Russell 1.C.— River development, олдоп. 

Lakes of North America, Boston 1900. 

Schimper.— Plant Geogruphy, Oxford, 1901. 

Schirmer H.—Le Sahara, Paris 1893. 

Schuver J. M.— Reisen in oberen Nilgelet, P. М. Erganzungsheft 72, 
Gotha, 1883. 

Schweinfurth G.—Aegyptische Bewtisserung spline, P.M. 1902. 

In the Heart of Africa, London, 1873. 

von Schweinitz H.— Deutsch Ostafrika in Krieg und Frieden, Berlin. 

Scott Elliot G.F.—A Naturalist in Mid Africa, London, 1896. 

Sickenberger Е.— Га configuration géologique des environs du Сапе. 
Cairo, 1890. 

Sieger R.—Schwankungen der innerafrikanischen Seen, Bericht. f. d, XIII, 
Veieins-Gahr (1887) des Verein d. Geographen а. d. 
Univ. Wien. 

Smith A. Donaldson.— Ал expedition between lakes Rudolf and the Nile, 
G. J. Dec. 1900. 

Speke.—A Journal of the discovery of the sources of the Nile, London 1863. 

Stanley, Sir Н. M.— Through the Dark Continent, London, 1878. 

‘In Darkest Africa, олдоп, 1890. 

Stecker R.—Vol. III, Mitt. d. Afrik. Gesell in Deutschland. 

Stuhlmann E.— Mit Emin Pasha ins Herz von Afrika. Berlin, 1894, 




















УГ 





JCKED IC 
Purchase full membership to immediately unlock this page 







че , - T. e د‎ 
Nu | : eh 


X. 























Over 2,000 years оё 
13 | human knowledge in 
a! 797,885 volumes 
д = 
Instant access 





$8.99/month 





Continue 





THIS PAGE IS LOCKED ТО FREE MEMBERS 


Purchase full membership to immediately unlock this page 


ELVE INTO 
NTASY, МАСІ 


4, 








































‘Full Membership gives * 
‘access to 797,885 ancient MN 


and modern, fiction and = 







| 3 
A IA E Фр 
n чи 
1 Wa ~ 


"^... 
AL 


"s A 

"4 A 

yaaah 
a a 


„ а. 


Е. 
" 


=7 ad of 


Continu 


"Fair usage policy applies 


— 400 — 


Argin, 255. 
Arnaud, 172. 319. 
Aroji, 149. 
Asmara, 157, 185, 180. 
— rainfallat. 185, 200, 211. 
— temperatire of, 195. 
Assab, 187, 189, 204. 
— temperature of, 191. 
Assiut, 5, 295. 
— evaporation at, 250, 
Asus river, 5, 9, 78, 79, 81, 85, 87, КЗ, 90. 
Aswan, 5, 214. | 
— „dates of high and low «tage, at 289. 
— discharge of Nile at, 286. 
— evaporation at, 250, 252. 
— flood discharge at, 291. 
— humidity, 217. 
—  nilometer at, 313. 
— temperature, 246. 
Atappi river, 81, 90. 
Atbara river, 5, 7, 182, 232, 25^. 
— discharge of, 237. 
— length of, 232, 234. 
— ‘limits of basin, 233. 
-- sediment of, 303. 
— velocity of flood wave. 238, 
Atebi, 186. 
Atem river, 92, 93. 
Austin Major H., R. E., 148. 
Azimera, or light rains, 201. 


I 


Baers law, 170, ЗІЗ, 
Baginse mount 127. 
Baht el Abyad, zee White Nile. 
Bahr el Arab, 8, 123, 125. 129. 
Bahr el Ghazal, 7, 78, 94, 122, 129, 167, IST. 
—  elfect upon Nile 150. 
— climate of 123, 124. 
— geology of, 123, 130. 
— volume discharged, 131. 


Bahr el Jebel, 5,78, 79, 01, 93, 94, 131, 153,167, 181. 


— basin of, 78, 115. 

— bisin summary of, 144. 

— change of bed, 93, 106. 

— character of above Nimule, 79, 
— discharge of, 114. 

— level of. 102, 103. 

— level affected bv Albert lake, 90. 
— northern jortion, 9]. 

— tributaries of, 102. 

— valley of, descriytion, 92. 


Bahr el Zaraf, 78, 91, 93, 91, 117, 121, 122, 161, 


167, 181. 
— mwialysis of water, 120. 
— discharge of, 121. 


Bahr el Zaraf, slope of, 142, 
Baker, Lt. Julian, 158. 
Baker, Sir Samuel, 63, 72, К, 94, 109, 117, ПУ. 
Ball, Dr. J., 259, 261. 
Barawana, 6]. 
Baringo, Lake, 15. 
Barker B., 320. 
Вагов, J., 3. 
Baro, R., 145, 148, 149, 150, 151, 153, 156, 182. 199. 
— islands in, 146. 
Barrage gauge, maximum readings of, 323. 
Barron, T., 173. 
Ваха! 151, 182. 
— of Abyssinia, 9. 
Dashilo, R., 183, 220. 
Basins, areas of, 7, 14. 
— of Bahr el Ghazal, 122. 
— of Bahr el Jebel, 78. 
— Blue Nile, area of, 182. 
— of Sobat, area of, 145. 
— of White Nile, area of, 159. 


— Baumann O., 36, 48, 55, 56. 


Davuda desert, 244. 


_ Bedden Raids, 80. 


Beke, Dr., 213. 
Bela, river, 145, 151. 


| Benha, boring at, 339. 


Beni Shangul, 150, 162, 163, 180, 153, 
— rainfall at. 147. 
— winds of. 200. 


. Beni Suef, 295. 


— boring, at 339. 
Berber, 5, 188, 256. 
— discharge of Nile at, 278. 
— humidity, 217. 
— tem)y)erature, 246. 
— winds, 249. 
Berkeley Bay, 39. 
Betton C. S., 63. 
Bigelow, Dr. F. H., 364. 
Birbir river, 145, 151, 153, 154. 
Birket el Qurun area of, 251. 
Blane Dr., 186, 213. 
Blocks (see sadd blocks), 17, 106. 
Bludau А., 6. | 
Blue Nile, 149, 180, 223. 
— affected by White, 265. 
— assumed dimension of, 142. 171. 
— change of bed at Khartoum, 227. 
— discharge of, 224. 228. 
— lergth of, 226. 
— meanders of, 225. 
— sloye of, 220. 
— velocity of flood wave, 232. 
Bohudorff, 125. 
Bolassa river, 223. 
Boucham s Ex edition, 148. 
Bongo river, 125, 128. 
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Bor, 5.79.92, 93, 96, 102, 105, 106, 107, 113, 115, 153. 
Borchardt, Dr. L., 316. 
Boring at Benha, 339. 
— 16 Beni Suef, 339. 
-— üt Cairo, 339, 
— iu Delta. 330. 
— at Gezira, 339. 
— at Giza, 339. 
— at Helwan, 339. 
— at Kasr el Nil, 339. 
— at Luxor, 839. 
— at Mehallet Roh, 339. 
— in Nile Valley, 339. 
— at Samanud, 339, 
— at Shamarka, 330. 
— ut Simbellawein, 339. 
— at Sohag, 339. 
— at Quliuh, 839. 
— at Tahta, 339. 
— at Tanta, 339. 
— at Zagazig, 339. 
Borollos lake, 336. 
Bottego. 187, 199. 
Bourg de Bozas, 8. 
Brard. 36. 
Bresson, 36. 
Biuce .Ј., 186, 213, 360. 
Briinhes. Ј.. 3. 
Brickner E., 33. 
Brun Rollet, 130. 
Buddu. rainfall at. 25. 
Bukoba, 20, 21, 22, 23, 26, 33. 
— mean rainfall at 26, 28. 
Bufi, 105. 
Ви шах (Sesse islands) rainfall at, 30, 
Bukunibi, lake level observed at, 34. 
Bulli island, 170. 
Bure, 149. 
Butiaba, 90, 
— gauge at, 73. 
— mean rainfall at, 25, 26, 31. 


C 


Cairo, 5, 295. 
— boring at 339. 
— climate, 339. 
— sediment in water at. 307, 
Casati. 125. 
Cataracts: 257. 
— of Dal, 255. 
— due to. 245, 
— Fifth, 256. 
— geology of, 258. 
— of Hannek, 258, 
— of Kaibar, 258, 
Cause of regularity of flood, 351. 


Caves, 16. 
Cecchi A., 187, 199, 
Chad lake, 8. 
Changes in bed, Bahr el Jebel, 101, 102, 106, 
Cha vanne, 1. 
Chelga, lignite at, 216. 
Chélu A., 1, 109, 256, 309, 318. 
Chemistrv of Nile silt and Nile water. 321, 
Ghenafena, 187, 189, 
—  basalt at, 152, 
— rainfall at, 209. 
Chir island, 92, 106, 109. 
Choga lake, 15, 19, 60, 62. 
Chok plateau, I50, 190, | 
Clay occurrence In Nile mud, 328, 
Clay-slate, 15. 
Climate of Abyssinta, 154. 
— of Albert Edward lake, 66, 
— of Bahr el Ghazal, 123, 124. 
— Bahr el Jebel, 82, 96, 
— of Delta, 339. 
— of Egyyt, 295. 
— general, 10. 
— of lake Plateau, 20. 
— of lake Victoria, 20. 
— of Nile Basin, 20. 
— of North Sudan, 245. 
— Sobat Basin, 146, 
— White Nile Basin, 163. 
‘oluur of Sobat water. 158. 
Combes E., 213, 
Comparison of Bahr el Jebel and Blue Nile 
flood 362. 
Conditions favourable to Sadd formation, 141. 
Congo river basin, 125. 
— Free State, 8. 
Craig J. I, 17, 59, 74, 97, 99, 116, 120, 265. 
Crater Lakes, 17. 
Credner R. 337, 
Crystalline rocks determining cataracts. 245. 
— schists, 162. 
Current of White Nile, 175. 
Curves formation of, 312. 
Curzon R., 320. 


«Zn, 


I> 


Dal cataract, 258. 

Dabasien Mount, 78. 

Damietta arm of Nile, 336, 

Dantz, 9, 18, 19. 

Dar Fertit, 8. 

Darfur, 125. 

Dates of high and low stage аб Aswan, 28. 
— of high and low stage. Khartoum. 264. 

Detlection of rivers. 12, 170. 313. 

Deforestation of Abvssinia, 242. 


— 402 — 


Dega, 190. 
Delta, 330. 

— ancient arms of, 347. 

-- of Bahr el Jebel, so-called, 91, 

— Barrage, 5. 

— Barrage, gauge at, 318. 

— borings in, 339. 

— climate of, 339, 

— dimensions of, 336. 

—  geologv of, 337. 

— sloje of, 347. 

—- temperature of, 339. 

Deltas, classification of, 337. 
— formation of, 337. 
De,ressio18 near Bahr el Zaraf, 118. 
Dermott J. V., 35. 
Didessa River, 145,149, 150, 182, 183, 199, 22]. 

— discharge of, 221. 

— sectiois of, 221. 

— valley, geology of, 183. 
Dimensions of Abai river, 219. 

— of Albert Lake, 72. 

— of Bahr el Zaraf, 118,119. 

— of Takazze river, 233. 

Diider River, 182. 

— discharge of, 224. 

Direction of ridges, Latuka hills, 80, І. 
Discharge of Abai R. below lake, 219. 

— of Nile at Aswan, 286, 

— of Atbara river, 237. 

— of Bahr el Ghazal, 131. 

— of Bahr el Jebel near Luke No. 116, 

— of Nile at Berber, 278. 

— at Bor, 115. | 

— of Blue Nile, 224, 228. 

— of Didessa river, 221. 

— of Dinder, 224. 

— at Hellet Nuer, 116. 

f Nile, Khartoum, 273, 277. 

— at Lado, 114. 

— at Mongalla, 115. 

— of Rahad river, 224, 

— of Nile at Sarras, 279. 

— of Semliki river, 70. 

— of Sobat river, 157, 155. 

— of ,,ег Abai river, 218. 

— Wadelai, 74, 89, 90. 

— of White Nile, 172. 

— of White Nile at Dueiin, 271. 
Distribution of Atinos;heric )ressure, 380. 
Dodosi hills, 88. 

Doleib Hilla. 96, 146, 149, 155, 163, 173. 

— rainfall at, 185. 

— climate of, 146. 

— winds of, 147. 

Donaldson Smith, 8. 
Dongola, 6, 7. 8, 244. 
Dove, 137. 
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Drainage lines, on lake Plateau, 18. 
Dubenge River, 60. 
Duenn, 5, 170. 
— climate of, 163, 
— discharges at, 174. 
— rainfall at, 165, 185, 
Dueru Lake, 65. 
Dukhi river, 62. 
Du;uis C. E., 2, 218, 219, 234, 235. 
Dyé Comdt. A. H., 168. 


E 


Earth-ipovements, IN. 

Earth's rotation, effect of, 313. 
Edft Nilometer at 316. 

Edku lake, 336. 

Egadang Mount, 81. 

Egy ё, climate of, 205, 

— humidity of, 298. 

— Nile valley in, 293. 

— temperature of, 296, 
l'ephantine-nilometer at, 316. 
Elgon Mount, 8, 9, 14, 15. 
Eliot, Sir J., 364, 368, 369. 
Emin Pasha, 8, 16, 72, 75, 88, 90, 95, 103. 106. 125. 
Enchetkab, 186, 189. 

Entebbe, 20 21, 22, 23, ЭЗ. 

— gauge at, 38. 

— gauge loss of, 10, 43. 

-— rainfall at, 25, 26, 29. 

— sinking of land at, 18, 43, H. 

— wind action a£, 48, 

Eritrea, 180, 184. 

—  basalts of, 182. 
Erosion of deserts. 291. 

— of Abyssinia, 182, 183. 

Esna, Nilometer at, 816. 
Evayoration, 38, 82, 132, 219. 

— at Abbassia, 250. 

— at Addi Ugri, 203, 

— at Alexandria, 250. 

— at Assiut, 250, 

— at Aswan, 250, 252. 

— Bahr el Jebel, 93, 99, 101 

— in Fayum, 251. 

— at Helwan, 250. 

— on equatorial lakes, 50, 5] 

— on lake Tsana, 203. 

— at Port Said, 250. 

— values of, 250. 

— on Victoria lake, 21, 5). 


F 
Fagak, 93. 


Fajao, 64. 
Famaka, 149, 15], 183. 
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Von Gotzen, 26, 

Goz abu Gima, 166. 
Granite, 145, 162, 182, 1x3, 
(teen. water, 172. 

(trogan E.S., 65. 72. 
Guder river, 183, 19%. 22]. 
tug! Rapids. 80. 
аще. 87. 

Читати River, 51, хо, х. 

Guna Mt., 190, 215. 

Guppy Dr., 253. 

Gurukire Bay, 17. 

Gwynn, Major К. Е., 149, 150, 200. 


H 


Halai, 186, 155. 
— basalt at, 182, 
— rainfall at, 209. 
— temperature of, 192. 
Hann, Prof. J., 90, 364. 
Hannek cataract of, 258, 260. 
Hansal, 186. 
Harogo Mount, Sl. 
von Harnier, 92, 109, 
Harris, Major W., 1&6, 
Hawash river, & 148 182. 
Hawanidia, temperature of Nile at. 224. 
Heiligenkreuz. see Кепіѕа, 109. 
Hellet Neer, 5. 93. ‘Ч. 105. 106, 107, 116. 
Helwan, boring at, 339, 
— evaporation at, 250. 
Henry, Comdt, 94, 117. 
Herrmann H., 9. 19, 35. 
Henglin, T. von, 119, 127, 136, 156, 213, 
Hlofrat el Nahas, х, 122, 128, 
Hoima, 61. 
Holroyd, A. T., 320, 
Hot springs, 17. 
Hume, Dr. W. F.. 253. 
Humidity, see climate. 
— in Abyssinia, 202. 
— at Addis Abbaba, 202. 
— at Addi Ugri, 202, 203. 
— at Aswan, 247. 
— ut Berber, 247. 
— in Egypt, 298. 
— Khartoum, 247. 
— Merowe, 247. 
— ub Wadi Halfa. 247. 
Hutchinson К, 35. 
Hydrography, Aswan to Cairo, 317. 
— Bahr el Jebel, 37. 
—  Khartoum to Aswan, 26]. 
— of Sobat, 150. 
— White Nile Basin. 166. 
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Ituri, see Semliki, 
Ibrahim Bas, 96. 
Intetshau, 189. 

-- rainfall at, 205. 
Interaction of Blue and White Niles. 265, 
Ironstone, 17. 

Islands, flouting grass. 107. 
Ismailia climate, 339. 

— rainfall at, 344. 
Isobais of North Africa, 3x0, 
Itang river, 146, 


Јан River, 122, 
Jumma ri ver. 221. 
Jebel Ahmed Aghi. 162. 
— Atin, 9. 
— Barkal, 257. 
— Jebelein, 162. 
— Gule, 162. 
— Marra, 122, 128. 130. 
— Miri, 129. 
— Otze, SU. 
— Ruff. 244. 
— Lovan, 256, 
— ага. 9, 91, 
— Senta, 150. 
Jephson H., 72. 


Jinja, 20, 21, 22, 23. 


Jing. discharge table for 24. 
— gauge at, 44. 
-— mean rainfall at, 26, 30, 
‘litta river, 184, 221. 
Johnston, Sir H., 258. 70, 141. 
Jomard, 319, 
Junker W., 8, 72, 104, 110, 125. 
Jur river, 125. 127. 
— dimensions of, 127. 


K 


Kabibi, see Semliki. 
Кайа, 8, 145, 150, 152, 154, 187. 
Kafu river. 60, 61. | 
— . constant discharge of. 61. 
Kagehi, 33. 
Kagera river, 6, 7. 15, 18, 24, 50, 54. 
— former course of, 58. 
Kaibar cataract of, 258, 279. 
Какојі, б, 60. 
Kak ında, see Semliki. 
Kalabsha, 260. 


Karagwe district, 16. 
— rainfall in, 25. 
Karamojo plateat, 78, RI, 57, 85. 
Kareima, 257. 
Karnak, Nile levels at, 315, 316. 
Karpetu river, 81. 
Kartngt, 17. 
Kasr el Nil. boring at. 339, 
Kassala, 8. 188, 204. 
—  innuil rainfall. 155, 211, 240, 
-~ tempyerature at, 210. 


kavfumann, Acstrian Mission, 10%, 173. 


haviugo, 58. 
Kavirondo Gulf, 1%, 19, 38. 
Кепіѕа, 5, 92, 93, 95, 105. 
— range of river level «t К. 
Keren, 186. 188. 
— rainfall at 155. 209. 211. 
— temperature of 192. 
Khartoum, 2, 161, 166, 182, 188. 2H. 
— climate of, 165, 
— gauge at 261. 
— discharge of Nile at, 273, 277. 
— humidity, 247. 
— rainfall at, 165, 185, 211. 
— rise of Nile at, 262. 
— sediment in suspension at. 301, 
— temperature, 246. 
Khor Adar, 161. 
—  Atappi, 88. 
— Ayı, 81. 
— Bagger, 87, <<, 
— Filis, 78 158. 
— Garre, 150. 
— Ginetti, 103. 
— el Gash, 239. 
— Gondolek, 95. 
—  [to, 103. 164. 
—  Keilak, 129. 
— Khos, 103. 
— Ки Shambe, 102, [05. 
—  Koda, 103. 
— Іа Кај. 103, 
— Lurit. 103. 
— Ta, 103. 
— Там, 103. 
Khashm el Girba, rainfall at. 236, 
Киша island, 17. 
hingavassi valley, 17 
Kiro, 105. 
Kirin, 150, 161. 1*2, 
Kirunchanga, 7. 
Kistmt, 17, 35. 
— gauge at, 35. 
— gauge correction to, 4l. 
— gage, wind action, 48, 
— rainfall at, 26. 30, 
Kitangule, 55, 57, 58. 


18, 


) 


— 405 — 


Kitaro island, 35. 
Kitoboko, 57. 


« Kit see Gumuru. 


Kitumbui river, 61. 
Ki vt lake, т, 14, 19, 20. 
Klöden G. von, 1. 
Knoblecher, I., 118, 130, 157. 
Ко «К, 16, 165, 185. 
Kiki, 61. 
Koettlitz R., 131, 183. 
Кош el Giza, nilometer at, 316, 
Kom Ombo, nilometer at, 316. 
Kordofan, 8, 9, 162, 167. 

— hills of. 161, 
КогокКо, 214. 
KKubosh, nilometer at, 316. 


L 


Lado. 5, 91. 93, 96, 101, 105, 119. 
— climate of, 82. 
— discharge at, 114. 
— winds, 55. 
Lake Borollos, 336. 
— Бака, 336, 
— hypothetical, south of lake No, 91, 141. 
— level, variation of, 53. 
— Marit. 336. 
— Menzala, 334, 
— No, 5. 91, 94, 101, 195. 1165, 142, 167. ] 65. 
169, 170. 
— Tata, 152. 
— Victoria, variation of level, 33. 

Lakes Central African. 38. 

— effect of Noveinber rains оп, 51. 

Lake Plateau, 14. 

— altitude of. 14. 
— geology of. 15. 
— Sstmuary of, 76, 

Langheld, 26. 

Laterite, 9. 

Latoma, 57. 

Latıka Hills, 79. ‘Ч, 103, 107. 

length of Atbara river. 232. 234. 

— of Nile, 5. 
— of Blre Nile, 226, 
— of Mareb river, 239. 

Lefebvre T., 186. 

Ligi Gallas, 145, 120. 

Legrain G., 315. 

Lejcan, 157. 

Lengo river, 62. 

Lethebyv. Dr., 505. 

Level, Albert lake variation of, 75. 
— of gauge Zero Khartoum. 2482. 
— former of hke Victoria. 34. 

— of lakes. variation of 7, 


Liddell Major J. В. E.. 96. 120.. 
Lignite, at Chelga, 216, 
Limits of Atbara basin, 233. 
— of Nile basin, 14. 
Linant de Bellefonds, 178, 273. 
Linck G., 162. 
Lockyer Sir N., 357,.358, 364. 
Lockyer Dr. W., 357, 358, 364. 
Lohugati river, 55. 
Lol river, 125. 
Lombardini E., 1, 113, 141. 
Lonvili Mount, 81. 
Lubas gauge at, 38. 
Lucas A., 116, 121, 275, 324. 
Lugard Sir F., 36, 65, 69. 
Lugh. 187, 189, 199. 
— winds of, 199, 201. 
Lugogo ri ver, 61. 
Luvironza ri ver, 55, 56. 
Li xor, 5, 295. 
— boring at. 339. 


Lyons Captain H.. meteor. obs. bv, ах. 


M 


Maanja river, 60. 
Macalister, 38. 


Macdonald Brig. Genl. Sir J., R.E.. 8, 87. 


Mackay, 24, 
Mackenzie Dr. W., 309, 329, 
Magdala, 182, 183, 186, 139, 

— rainy days at, 207. 

—  tem;erature of, 196. 
Makedo Rapids. 80, 91, 112. 
Malagarisi river, 55. 
Malésieux, 257. 

Malte Brun, 319. 

de Malzao, 116, 118, 131, 157. 

Mareb river, 180, 204, 239. 

Marchand, 8. 

Mariut lake, 336. 

Marno E., 107, 120, 132, 138. 

Marpa hills, 8. 

Marra hills, 8. 

Marshes, Bahr el Jebel, exteut of, 94. 


— Bahr el Jebel, former lake in, 14. 


— of Bahr el Хага J17. 
— of Bahr Zaraf, 93. 
— reclamation of, 34%. 
Martin, 36, 
de Martonne E., 1. 
Masaka, rainfall at, 25, 26, 31. 
Mason Bey, 72. 
Massaua, 186, 187, 188, 205. 
Mathe) Dr., 307. 
Mahagi, 75. 
Material in suspension, 300, 
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Matter in solttion in Nile water. 331, 
Mau Plateau. 15. 
Maurer H., 26, 
Mbarara, rainfall at, 25. 26, 31. 
M beni Fort, 69, 70. 
Meanders of Bahr el Jebel, 93. 
— of Blue Nile, 225. 
— of Bahr el Zaraf, 117. 
Means T.H., 329, 
Mehallet Roh, boring at. 339, 
Melka Furi, 220. 
— Kuki, 220, 
Mengo, 21. 
Menzala lake, 335. 
Merowe, 5, 2957, 
—  humidit y, 247. 
—-. temperature, 21^. 
— winds, 248, 
Meshra Rek, 131, 142. 
Meteorological observations Bahr el Jebel. 98, 
Meteorological obser vationsin Abyssinia, 186, 1537. 
Mex, 336. 
Mfumbiro, 7. 
Michel C,, 148. 149, 153, 157. 
Mira Айо, 95. 
Mirach Ghadiak, 95. 
Misisi ri ver, 72. 
Missionaries French. 31. 
Moger, rainfall at, 145, 
— winds of, 199, 
Mograt island 257. 
Mohamed Ali. 118. 
Mokren el Bahur, sec Lake No, 167. 
Molmel river. 125, 127. 
Mongalla, 5, 91, 92, 96, 107. 
— discharge at, 115. 
— climate of 82, 
— rainfall, 84, 
— winds 86. 
Monsun of N.E. Africa, 11. 181. 
— Indian, 36%, 
— winds, 11. 
Moore, J.E. 65, 71. 
Mruli, 4,9, 60. 61. 
Msı Ка. 20, 21. 22. 23. 
Muauza, 20, 21, 22, 23, 37. 
— rainfall at, 26, 28. 
— wind at, 26, 
Mid of Nile from Abvsstita, 151, 
М сег ri ver, 221. 
Миха river, 18, 
M mias, 17, 20, 21, 22, 23. 
— rainfall at 26, 30, 
Murrat wells, 244. 
Murchison Bay, 12, 
— Falls, 5, 62. 
M uska, district, 78. 
Musran Island. 170. 
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Rahad river, discharge of, 221. 
Rainbelt, equatorial, 10. 
Rainfall, Abyssinian, range of, 211. 


Rains 
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Abyssinian, 211. 

Addis Abbaba, 206, 207, 
Addis Alem, 207. 

Addi Ugri, 205 

Adua, 208, 

in. afternoon, 24. 

of Alexandria, 342. 
Ankober, 207. 

Asmara, 209. 

Bahr el Jebel, 53, 81. 85, 97. 
Chenafena, 209, 

on deserts, 204. 
Gallabat, 235, 

Gedaref, 236, 

Gondar, 208, 

Halai, 209, 

Intetshau, 208. 

Of Ismaïlia, 344. 
Kassala, 240, 

Khashm el Girba, 236, 
Keren, 209. 

Lake Plateat, 23. 
Magdala, 207. 

of Mediterranean Corst. 342. 
Nile Basin, 23. 

of Port Said, 343. 
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